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The invention is described in the following statement 



AN IMAGE CREATION METHOD AND APPARATUS (SPRINTOl) 

Field of the Invention 
The present invention relates to the field of printirfg 
and, in particular, discloses a double sided ink-jet 
printing system having page width print heads. 

Background of the Invention 
Many different types of printers are generally known. 
For example, offset printers, ink-jet prints, laser 
printers, etc., are utilised to provide for output printing 
on output media. 

With any printer device, it is desirable to provide 
for as inexpensive a form of printing as possible. Also, 
it is often desirable to have an extremely compact 
arrangement in addition to printing on both sides of an 
output print media such as paper sheets. 

Summary of the Invention 
It is an object of the present invention to 
provide an improved compact double sided ink jet printing 
system. 

In accordance with a first aspect of the present 
invention, there is provided a dual sided printing system 
comprising: two imaging engines one for printing on each 
side of a portion of print media, each of the imaging 
engines comprising: at least two ink jetting printhead 
units having fault tolerant properties, the printhead 
units, in combination, providing for pagewidth printing of 
images on the print media. 

Each of the imaging engines further can comprise: 
a transfer roller and wherein the ink jetting print head 
units jet ink onto the transfer roller which in turn 
carries the ink to the print media. 

Each of the imaging engines further can comprise 
a drying unit for drying ink once transposed to the 
printing media. The drying unit can comprise an infra-red 
tube . 

The printhead units can include a pagewidth 
printhead. The pagewidth printhead preferably can include a 



34188 (SPRINTOl) Silverbrook.doc 26/04/99 



- 3 - 



printhead ink supply along a back: surface thereof and 
further comprising: a series of detachable ink cartridges 
each including an ink supply chamber which upon attachment 
to the printhead, the ink supply chamber can be in contact 
5 with the printhead ink supply. The printhead can comprise 
a full color printhead. 

The detachable ink cartridges are preferably 
mounted on a top surface of the printing system. The 
number of ink cartridges can be at least four and the ink 
10 cartridges are preferably abutted one next to another. 

Description Preferred in Other Embodiments 
The preferred embodiment of the present invention is 
as set out in the attached appendix B which provides for a 
detailed description of the implementation of a printer 
15 system denoted SPRINT, including the adaptation to a two 
side printer system utilising a page width ink-jet print 
head. 

The ink jet technology utilized can be a wide 
pagewidth printing system as disclosed in the attached 

20 appendix A. 

It would be appreciated by a person skilled in the art 
that numerous variations and/or modifications may be made to 
the present invention as shown in the specific embodiments 
in the attached documentation without departing from the 

25 spirit or scope of the invention as broadly described. The 
present embodiments are, therefore, to be considered in all 
respects to be illustrative and not restrictive. 
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We Claim: 

1. A dual sided printing system comprising: 
two imaging engines one for printing on each side 

5 of a portion of print media, each of said imaging engines 
comprising: 

at least two ink jetting printhead units having 
fault tolerant properties, said printhead units, in 
combination, providing for pagewidth printing of images on 
10 said print media. 

2. A system as claimed in claim 1 wherein each 
of said imaging engines further comprise: 

a transfer roller and wherein said ink jetting 
15 print head units jet ink onto said transfer roller which in 
turn carries the ink to said print media. 

3. A system as claimed in any previous claim 
wherein each of said imaging engines further comprises a 
drying unit for drying ink once transposed to said printing 

20 media. 

4 . A system as claimed in claim 3 wherein said 
drying unit comprises an infra-red tube, 

5. A system as claimed in any previous claim 
wherein said printhead units include a pagewidth printhead. 

25 

6. A system as claimed in claim 5 wherein said 
pagewidth printhead includes a printhead ink supply along a 
back surface thereof and further comprising: 

a series of detachable ink cartridges each 
30 including an ink supply chamber which upon attachment to 

said printhead, said ink supply chamber is in contact with 
said printhead ink supply. 

7- A system as claimed in any previous claim 
wherein said printhead comprises a full color printhead. 
35 8. A system as claimed in claim 6 wherein said 

detachable ink cartridges are mounted on a top surface of 
said printing system. 
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9. A system as claimed in claim 8 wherein the 
number of ink cartridges is at least four and said ink 
cartridges are abutted one next to another. 

10- A printing system substantially as 
5 hereinbefore described with reference to the accompanying 
appendicies. 
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ABSTRACT 

A dual sided printing system comprising: two imaging 
engines one for printing on each side of a portion of print 
5 media, each of the imaging engines comprising: at least two 
ink jetting printhead units having fault tolerant 
properties, the printhead units, in combination, providing 
for pagewidth printing of images on the print media. Each 
of the imaging engines further can comprise: a transfer 
10 roller and wherein the ink jetting print head units jet ink 
onto the transfer roller which in turn carries the ink to 
the print media. Each of the imaging engines further can 
comprise a drying unit for drying ink once transposed to 
the printing media 

15 
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Micro Electro Mechanical Inkjet 
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Memjet Introduction 

Memjet js a new digital printing 
technology under development at Sil- 
Verbrook Research. It is a 'clean slate' 
development aimed at developing the 
'perfeict' print technology for a wide 
range of applications for which current 
digital printing technologies are inade- 
quate. The price/performance advan- 
tage over existing technologies such as 
laser printers and thermal inkjet printers 
is around two orders of magnitude. 

Key Features of Memjet: 

• Pagewidth inkjet printing - no scan- 
ning printheads, therefore very fast. 

• High nozzle count: 5 1 ,200 nozzles 
for A4/letter. 

• Full quality color photographic 
images at 1600 dpi. 

• Full quality text, including Japanese 
Kanji. 

• Wide ink and paper flexibility - three 
times less water than 600 dpi print- 
ers. 

• High speed - 30 pages per minute 
(ppm) to 4000 ppm. 

• High nozzle density - 25,600 nozzles 
in a 75 mm^ chip (compare to latest 
HP -300 nozzles in 75 mm^). . 

• Low cost - under $ 10 for a 30 ppm 
letter/ A4 full color 1600 dpi print- 
head. 

• Low power allows battery operation 
. for many applications. 

• Shiall size - printers incorporated in 
mobile phones, cameras, even pens. 

• Simple drive circuits - 3 V digital 
ASIC with low pincount. 

• High volume manufacture - 56 mil- 
lion 8" heads from a 25,000 wafer 
per month fab. 

Low manufacturing investment -can 
adapt a 0.5 niicron CMOS fab. 

• Excellent patent protection - 220 US 
patents pending, both basic patents 
and strategic blocking patents. 

Radical, not Evolutionary 

The closest technology to Memjet is 
Thermal Ink Jet (TIJ). This technology 
was invented roughly simultaneously by 
Canon and Hewlett-Packard around 
1980 (Canon's variety is know as *Bub- 



blejet'), and currently results in annual 
revenues around $24 billion. 

Thermal inkjet printheads propel a 
droplet of ink out of a nozzle by super- 
heating a tiny volume of ink. This ink 
undergoes a flash evaporation process, 
forrriing a bubble which pushes the ink 
out of the nozzle. 

There has been a massive investment 
in developing thermal inkjet technology, 
which has steadily advanced products 
from initial 200 dpi black only printers 
with 12 nozzles, to current full color 600 
dpi printers containing printheads with 
as many as 608 nozzles. 

However, Memjet does not use the 
thermal inkjet operating principle, and is 
not an extension of TIJ technology. 




Cross section of a Memjet nozzle 



Micro Electro Mechanical 
Systems (MEMS) 

Memjet is derived from MEMS 
technology. MEMS is Micro Electro 
Mechanical Systems, and is basically 
the construction of mechanical systems 
using VLSI chip fabrication techniques. 
MEMS allows the integration of hun- 
dreds of millions of mechanical devices 
on a wafer. Certain MEMS processes 
(such as the Memjet process) allow the 
integration of MEMS and CMOS pro- 
cessing. This is essential for a page- 
width printhead, otherwise around 
50,000 off-chip connections would be 
required, making the cost prohibitive for 
volume markets. 

MEMS devices are used in many 
applications, though few of these appli- 
cations have reached substantial vol- 
ume sales. Some of the best known are 
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accclcromclors I'or car airbags. and 
rcxas Instruments" DMD (Digital 
* *' Tomirror Device). 

■ A he DMD is an array of around I 
million tiny mirrors on a CMOS chip. 
Each mirror is independently deflected 
in response to video image data distrib- 
uted on the CMOS chip. Each mirror 
reflects light either towards a viewing 
screen, or towards a baffle. As all of the 
mirrors are independently controlled, a 
large amount of 
data can be pro- 
jected even though 
the individual 
speed of the mir- 
rors is only around 
50 kHz. 

Memjet is con- 
ceptually similar. 
A Memjet print- 
head contains 
around 25,000 
tiny paddles on a 
CMOS chip. Each 
paddle is indepen- 
dently deflected in 
response to page image data distributed 
on the CMOS chip. When deflected, 
each paddle pushes a microscopic ink 
drop out of a nozzle towards the paper. 
As ail of the paddles are independently 
controlled, a large amount of data can be 
printed even though the individual speed 
of the paddles is only around 40 kHz. 

Memjet Value Proposition 

The value proposition of Memjet is 
^practical pagewidth inkjet printing'. 

A scanning printhead is fundamen- 
tally around 100 times slower than a 
pagewidth printhead. This is because the 
a scanning printhead must scan across 
the page numerous times - around 40 



Scanning printhead 



limes for draft mode and 200 times for 
photo quality. 

Ihe most fundamental ditVerence 
between scanning and pagewidth print- 
heads is the width of the printhead. 

There is an essential divide between 
scanning printheads (roughly 1/2") and 
pagewidth printheads (8" for US letter/ 
A4). Printheads between these values 
are not very useful - there is no 'evolu- 
tionary' progression. 



For example: you can't make a letter/ 
A4 pagewidth printer out of a single 4" 
printhead. Neither can you make a rea- 
sonable scanning printer - a 4" print 
swath is virtually impossible to 'stitch' 
on the paper without getting highly 
objectionable lines across the page. 

A pagewidth printhead means lots of 
nozzles. For a 1600 dpi, 4 color, 8" 
printhead, 51,200 nozzles are required. 
This compares to typically 300 nozzles 
for TIJ, and 128 nozzles for piezoelec- 
tric inkjets (such as Epson and Tek- 
tronix). 



Pagewidth printhead 



Previous pagewidth printhead 
projects 

Pagewidth printheads have long 
been the 'holy graiP of the inkjet indus- 
try, and have been the subject of inten- 
sive research at various large companies 
for more than a decade. 

Previous attempts at pagewidth ink- 
jets have mostly tried to scale up either 
of the two current technologies - thermal 
inkjet or piezoelectric 
inkjet. Both of these 
approaches fail for a 
number of fundamen- 
tal reasons. 

Why cant you make 
pagewidth thermal 
inkjet printheads? 

Thermal inkjet (TIJ 
or Bubblejet - HP and 
Canon's. technology) is 
not suitable for page- 
width printheads as the 
power consumption is 
around 100 times too 
high. This makes it 
very difficult to get sufficient power into 
the printhead. However, even more dif- 
ficult is getting the waste heat out of the 
printhead without boiling the ink. 

TIJ cannot be made in a monolithic i 
process, as the nozzle plates must be | 
around 30 microns thick to withstand \ 
the transient pressures generated by the \ 
bubble. As a result, there are extraordi- i 
nary manufacturing difficulties in seal- I 
ing up firom small printheads to \ 
pagewidth printheads. These include ; 
differential thermal expansion (making : 
it extremely difficult to align the nozzles i 
at both ends of a long printhead simulta- ] 
neously) and cracking of the silicon i 
chips due to the high stresses during ; 
nozzle plate attachment. 

Also, TIJ and Bubblejet printheads 
wear out due to kogation and cavitation ; 
(neither of these problems affect Mem- 
jet or piezoelectric printheads). While it 
is cost effective to fi*equently replace I 
cm long scanning printheads, pagewidth 
printheads should have a longer lifetime. 

Why cant you make pagewidth 
piezoelectric inkjet printheads? 

The problems with scaling piezo- 
electric printheads are entirely different 
than those for TIJ. The main problem is 
acoustic crosstalk. As the printhead 
length increases, the delay between the 
acoustic pulse of a piezo actuator and its 
acoustic reflections from the ends of the 
printhead increase. This causes the pulse 
to interfere with itself on a timescale 
which reaches into the critical time of 
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drop cjcclion. Also, as ihc number of 
nozzles increases, the number of possi- 
*- " interference combinations undergoes 
i. ymbinatorial explosion. This makes it 
essentially impossible to obtain consis- 
tent drop ejection at various places on 
the printhead. 

Another problem is cost. Silicon is 
not a piezoelectric material, and it is 
extremely difficult to integrate piezo- 
electric materials on CMOS chips. This 
means that a separate external connec- 
tion is required for each nozzle. A print- 
head equivalent to an 8" Memjet 
printhead would require at least 51,201 
external connections. While theoreti- 
cally possible, the cost of these connec- 
tions is exorbitant. 

The drive voltage required is around 
100 V to 200 V, so it is also difficult to 
integrate large numbers of drivers on a 
single chip. 

Another problem preventing integra- 
tion is that the piezoelectric material 
must be electrically poled at around 
100,000 Volts, which makes it 
extremely difficult to protect integrated 
CMOS circuitry. 

How fast can a Memjet printer go? 

For most consumer and PC printer 
applications, the full speed of Memjet is 
not required. In these applications, the 
print speed will generally be limited by 
the low cost paper movement mecha- 
nism. 

However, for various industrial and 
commercial printing applications, higher 
print speeds are desirable. 

Individual Memjet nozzles can oper- 
ate at 40 kHz (and are likely to operate 
up to 100 kHz). At 1600 dpi, this means 
a print speed of 25 inches per second. A 
'standard' Memjet printhead has four 
channels for four ink colors. If this 
printhead is used to print a single color 
instead, then the maximum print speed 
is 100 inches per second. A 34 inch 
wide web (paper roll) fed printer, with 
printheads on both sides of the paper, 
printing at 100 inches per second, has an 
equivalent print speed of 4,364 ppm. At 
these print speeds, it is possible to com- 
pete directly with commercial offset 
printing: 

Memjet -TIJ trends 

The bar charts to the right show the 
trends for themial inkjet printheads from 
the first commercial products to the 
present. These trends are compared to 
what is expected to be the first Memjet 
printhead - a 4", 4 color, 1600 dpi print- 
head with 25,600 no7.zles. Two such 
printhead chips butted together make up 
an 8'' page width printhead. 
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Advantages 

I'he list of advantages is long, and 
I* are no disadvantages listed. This is 
because Silverbrook Research has spent 
years analyzing the problems with pre- 
vious technologies, and ensuring that 
these problems are solved for Memjet. 
Memjet has been through 47 major 
design iterations to converge on its cur- 
rent state, where we believe that further 
improvements will not be significant. 
This quest for perfection is ongoing, and 
it is our intention to correct any undis- 
covered problems as quickly as possible. 
As is well known, a problem detected at 
an early stage can be orders of magni- 
tude cheaper to correct than a problem 
detected at a prototype or production 
stage. 

High Resolution 

The true resolution of Memjet is 
1600 dots per inch (dpi) in both direc- 
tions. This allows ftill photographic 
quality color images, and high quality 
text (including Kanji). Higher resolu- 
tions are possible with the technology. 
2400 dpi and 4800 dpi versions have 
been investigated for special applica- 
tions, but 1600 dpi is chosen as ideal for 
most applications. The true resolution of 
commercially available advanced ther- 
mal inkjet devices is around 600 dpi. 
For piezoelectric systems such as those 
from Epson the true resolution is sub- 
stantially lower, but the printhead makes 
many overlapping passes over each 
point giving an 'effective resolution' of 
1440 dpi, at the expense of speed. 
^Addressable resolution' is now often 
quoted in advertising to give the illusion 
of higher resolution. 

Excellent Image Quality 

High image quality requires high 
resolution and accurate placement of 
drops. The monolithic pagewidth nature 
of Memjet allows drop placement to 
sub-micron precision. High accuracy is 
also achieved by eliminating misdi- 
rected drops, electrostatic deflection, air 
turbulence, and eddies, and maintaining 
highly consistent drop volume and 
velocity. Image quality is also ensured 
by the provision of sufficient resolution 
to avoid requiring multiple ink densities. 
Five color or 6 color 'photo' inkjet sys- ^ 
tems introduce halftoning artifacts in 
mid tones (such as fleshtones) if the dye 
interaction and drop sizes are not abso- 
lutely perfect. This problem is elimi- 
nated in bi-level three color systems 
such as Memjet. 
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High Speed - up to 120 ppm per 
printhead 

The pagewidth nature of the print- 
head allows high-speed operation, as no 
scanning is required. The print speed of 
a Memjet based printer will usually be 
determined by market requirements and 
the paper handling mechanisms 
required. For most consumer or SOHO 
applications, 30 ppm printing is around 
the optimum, as faster printers are domi- 
nated by complex and expensive paper 
handling. To achieve 30 ppm, the Mem- 
jet printhead is operated at a drop repeti- 
tion rate of 10 kHz. The maximum drop 
repetition rate for Memjet is 40 kHz, 
allowing 120 ppm ftili color printing 
froni a single printhead. 

Low Cost 

A photo- width photographic print- 
head assembly is projected to cost under 
$5, and a pagewidth A4 printhead 
assembly (using two 4" printhead equiv- 
alents) is projected to cost less than $10 
when manufactured using a 0.5 micron 
CMOS process on 8" wafers. 
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When early 300 mm fabs eventually 
become cost effective, monolithic 8" 
printheads can be fabricated on a single 



wafer, reducing production costs fur- 
ther. 

All Digital Operation 

The high resolution of the printhead 
is chosen to allow ftilly digital operation 
using digital halftoning. This eliminates 
color non-linearity (a problem with con- 
tinuous tone printers), and simplifies the 
design of drive ASICs. 

Small Drop Volume 

To achieve true 1 ,600 dpi resolution, 
a small drop volume is reqiiired. Mem- 
jet's drop volume is one picoliter (1 pi). 
The drop size of advanced commercial 
piezoelectric and thermal inkjet devices 
is around 10 to 30 pi. This has been 
steadily reduced over the previous two 
decades from original drop volumes of 
around 100 pi. A small drop volume 
also allows substantially less ink carrier 
(typically water) to be printed to the 
page, allowing much faster drying and 
eliminating print-through. It is theoreti- 
cally possible to build a 1600 dpi ther- 
mal inkjet printhead with I pi drops. 
However, such a printhead would need 
to print 7. 1 1 times as many drops as a 
current 600 dpi printer. It would be 7 
times slower, and use around 4 times the 
energy, as a 600 dpi printhead with an 
equivalent number of nozzles. Thermal 
inkjet printers are already too slow and 
use too much power, so it is unlikely 
that such print-heads will be built. 
Memjet uses around 100 times less 
energy to print a drop, and uses around 
100 times as many nozzles (51,200 ver- 
sus around 512 for thermal inkjet), so 
there are no speed or power problems 
arising from the high resolution. 
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Accurate Control of Drop Velocity 
As the drop ejector is a precise 
-hanical mechanism, and does not 
i^.j on bubble nucleation, accurate drop 
velocity control is available. This allows 
low drop velocities (4 m/s) to be used in 
applications where media and airflow 
can be controlled. Drop velocity can be 
accurately varied over a considerable 
range by varying the energy provided to 
the actuator. High drop velocities (10 to 
1 5 m/s) suitable for printing on rough or 
fibrous surfaces (such as 'plain paper') 
can be achieved using variations of the 
nozzle chamber and actuator dimen- 
sions. Twelve meters per second is cho- 
sen as the nominal velocity for Memjet 
plain paper applications where airflow is 
uncontrolled. 

Fast Drying 

A combination of very high resolu- 
tion, very small drops, and high dye 
density allows full color printing with 
much less water ejected. Memjet ejects 
around one third of the water of a 600 
dpi thermal inkjet printer. This allows 
fast drying and virtually eliminates 
paper cockle. 

Wide Temperature Range 

Memjet is designed to cancel the 
effect of ambient temperature. Only the 
change in ink characteristics with tem- 
perature affects operation and this can 
be electronically compensated. Operat- 
ing temperature range is expected to be 
0 ^'C to 50 **C for water based inks. 

No Special Manufacturing 
Equipment Required 

The manufacturing process for 
Memjet leverages entirely from the 
established semiconductor manufactur- 
ing industry. Most inkjet systems 
encounter major difficulty and expense 
in moving from the laboratory to pro- 
duction, as high accuracy specialized 
manufacturing equipment is required. 
For Memjet, the equipment required has 
already been developed at a cost of 
many billions of dollars for the semicon- 
ductor industry. 

High Production Capacity 
Available 

An 8" CMOS fab with 25,000 wafer 
starts per month can produce around 56 
million 8" printheads per annum. There 
are currently many such CMOS fabs in 
the world. 

Low Factory Setup Cost 

The factory set-up cost is low 
because existing 0.5 micron 6" and 8" 
CMOS fabs can be used. At the time of 



prqjeclcd introduction of the printheads 
these fabs should bo fully amortized, 
and essentially obsolete for CMOS logic 
production. Therefore, volume produc- 
tion can use 'old' existing facilities. Most 
of the MEMS post-processing can also 
be performed in a CMOS fab, but at 
least one new piece of equipment will be 
required, - a deep silicon etcher using 
the * Bosch process'. These machines are 
available from Alcatel, PlasmaTherm, 
and Surface Technology Systems. 

Good Light- Fastness 

As the ink is not heated, there are 
few restrictions on the types of dyes that 
can be used. This allows dyes to be cho- 
sen for optimum light- fastness. Some 
recently developed dyes from compa- 
nies such as Zeneca Specialties and 
BASF have light-fastness of 7 on the 
blue wool scale. This is equal to the 
light-fastness of many pigments, and 
considerably in excess of photographic 
dyes and of early inkjet dyes. 
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Copper phthalocyanine - a blue chro 
mophore - showing an electron den- 
sity isosufiace mapped with electric 
potential 

Good Water- Fastness 

As with light-fastness, the lack of 
thermal restrictions on the dye allows 
selection of dyes for characteristics such 
as water-fastness. For extremely high 
water-fastness (as is required for wash- 
able fabrics) reactive dyes can be used. 

Excellent Color Gamut 

The use of transparent dyes of high 
color purity allows a color gamut con- 
siderably wider than that of offset print- 
ing and silver halide photography. 
Offset printing in particular has a 
restricted gamut due to light scattering 
from the pigments used. With three- 
color systems (CMY) or four-color sys- 
tems (CMYK) the gamut is necessarily 
limited to the tetrahedral volume 
between the color vertices. Therefore it 



is important that the cyan, magenta and 
yellow dyes arc as spectrally pure as 
possible. A slightly wider 'hexconc' 
gamut that includes pure reds, greens, 
and blues can be achieved using a 6 
color (CMYRGB) model. Such a six- 
color printhead can be made economi- 
cally with a width of only I mm. 

Elimination of Color Bleed 

Ink bleed between colors occurs if 
the different primary colors are printed 
while the previous color is wet. While 
image blurring due to ink bleed is typi- 
cally insignificant at 1600 dpi, ink bleed 
can 'muddy' the midtones of an image. 
Ink bleed can be eliminated by using 
microemulsion-based ink, for which 
Memjet is highly suited. The use of 
microemulsion ink can also help prevent 
nozzle clogging and ensure long-term 
ink stability. 

Advanced Ink Formulations 

Silverbrook Research has world- 
class expertize in quantum chemistry 
(refer to papers in J. Phys. Chem. and 
Chemical Physics Letters), and is apply- 
ing this to the development of a new 
class of inks with advanced properties. 

High Nozzle Count 

Memjet has 19,200 nozzles in a 
monolithic CMY three-color photo- 
graphic printhead. While this is large 
compared to other printheads, it is a 
small number compared to the number 
of devices routinely integrated on 
CMOS VLSI chips in high volume pro- 
duction. It is also less than 3% of the 
number of movable mirrors which 
Texas Instruments integrates in its Digi- 
tal Micromirror Device (DMD), manu- 
factured using similar CMOS + MEMS 
processes. 



Printhead chip 




Cutaway of packaged photographic 
pnnthead 

51,200 Nozzles per A4 Pagewidth 
Printhead 

A four-color (CMYK) Memjet print- 
head for pagewidth letter/A4 printing 
uses two chips. Each 0,65 cm^ chip has 
25,600 nozzles for a total of 5 1 ,200 noz- 
zles. 
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C: 

Integration of Drive Circuits 

In a printhead with as many as 
^ 100 nozzles, it is essential to inle- 
^.-c'e data distribution circuits (shift reg- 
isters), data timing, and drive transistors 
with the nozzles. Otherwise, a minimum 
of 51,201 external connections would be 
required. This is a severe problem with 
piezoelectric inkjets, as drive circuits 
cannot be integrated on piezoelectric 
substrates. Integration of many millions 
of connections is common in CMOS 
VLSI chips, which are fabricated in high 
volume at high yield. It is the number of 
off-chip connections that must be lim- 
ited. 

Monolithic Fabrication 

Memjet is made as a single mono- 
lithic CMOS chip, so no precision 
assembly is required. All fabrication is 
performed using standard CMOS VLSI 
and MEMS processes and materials. 

In thermal inkjet and some piezo- 
electric inkjet systems, the assembly of 
nozzle plates with the printhead chip is a 
major cause of low yields, limited reso- 
lution, and limited size. Also, pagewidth 
arrays are typically constructed from 
multiple smaller chips. The assembly 
and alignment of these chips is an 
expensive process. 

Modular, Extendable for Wide 
Print Widths 

Long pagewidth printheads can be 
constructed by butting 'standard* 100 
mm Memjet heads together. The edge of 
the Memjet printhead chip is designed to 
automatically align to adjacent chips. 

, One printhead gives a photographic size 
printer, two gives an A4 printer, and 
four gives an A3 printer. Larger num- 
bers can be used for high speed digital 
printing, pagewidth wide format print- 

. ing, and fabric printing. 

. Low Cost Simultaneous Double 
Sided Printing 

Double sided printing (known as 
'duplex' in the office market, and 'per- 
fect' in the commercial print market) 
can be implemented at low cost simply 
by including an extra printhead on the 
other side of the paper, and duplicating 
the appropriate logic and image process- 
ing circuits. The cost and complexity of 
providing two printheads is less than 
that of mechanical systems to turn over 
the sheet of paper. 




Sit)Uiltcineous duplex phnihead 
assembly 

Straight Paper Path 

As there are no drums required, a 
straight paper path can be used to reduce 
the possibility of paper jams. This is 
especially relevant for office duplex 
printers, where the complex mecha- 
nisms required to tum over the pages are 
a major source of paper jams. 

High Efficiency 

Thermal inkjet printheads are only 
around 0.1% efficient (electrical energy 
input compared to drop kinetic energy 
and increased surface energy). Memjet 
is more than 1 0 times as efficient. 

Self-Cooling Operation 

The energy required to eject each 
drop is 142 nJ (0.142 microJoules), a 
small fraction of that required for ther- 
mal inkjet printers. The low energy 
allows the printhead to be completely 
cooled by the ejected ink, with only a 32 
"C worst-case ink temperature rise. No 
heat sinking is required. 

Low Pressure 

The maximum pressure generated in 
a Memjet printhead is around 60 kPa 
(0.6 atmospheres). The pressures gener- 
ated by bubble nucleation and collapse 
in thermal inkjet and bubblejet systems 
are typically in excess of 10 MPa (100 
atmospheres), which is 160 times the 
maximum Memjet pressure. The high 
pressures in bubblejet and thermal inkjet 
designs result in high mechanical 
stresses. 

Low Power 

A 30 ppm A4 Memjet printhead 
requires a maximum of 67 Watts when 
printing full 3-coIor black. When print- 
ing 5% coverage, average power con- 
sumption is only 3.4 Watts. 



Low Voltage Operation 

Memjei can operate from a single 
3V supply, the same as typical drive 
ASICs. Thermal inkjets typically require 
at least 20 V, and piezoelectric inkjets 
often require more than 50 V, The 
Memjet actuator is designed for nominal 
operation at 2.8 volts, allowing a 0.2 V 
drop across the drive transistor, to 
achieve 3V chip operation. 

Operation from 2 or 4 AA 
Batteries 

Power consumption is low enough 
that a photographic Memjet printhead 
can operate from AA batteries. A typical 
6x4 inch photograph requires less than 
20 Joules to print (including drive tran- 
sistor losses). Four AA batteries are rec- 
ommended if the photo is to be printed 
in 2 seconds. If the print time is 
increased to 4 seconds, 2 AA batteries 
can be used. 

Battery Voltage Compensation 

Memjet can operate from an unregu- 
lated battery supply, to eliminate effi- 
ciency losses of a voltage regulator. This 
means that consistent performance must 
be achieved over a considerable range of 
supply voltages. Memjet senses the sup- 
ply voltage, and adjusts actuator opera- 
tion to achieve consistent drop volume. 

Advanced Nozzle Clearing 

Memjet employs two novel patented 
techniques to clear clogged nozzles, and 
most conventional techniques can also 
be used. The degree of potential nozzle 
clogging is highly dependent on the ink 
formulation, which depends on the 
application. In photographic applica- 
tions clog-proof inks can be used. Hot 
melt inks can also be completely clog 
free. When using aqueous inks, it is 
essential to use nozzle capping and to 
include a humectant in the ink. 

Small Actuator and Nozzle Area 

The area required by a Memjet noz- 
zle, actuator, and drive circuit is 3200 
[im^. This is much less than 1% of the 
area required by piezoelectric inkjet 
nozzles, and around 1.5% of the area 
required by TIJ nozzles. The actuator 
area directly affects the printhead manu- 
facturing cost. 
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Top View 



Small Total Printhead Size 

An entire printhead assembly 
(including ink supply channels) for a let- 
ter/A4, 30 ppm, 1600 dpi, four color 
printhead is 210 x 12 x 10 mm. The 
small size allows incorporation into 
notebook computers and miniature 
printers. A photograph printer is 106 x 8 
X 8 mm, allowing inclusion in pocket 
digital cameras, palmtop PCs, mobile 
phone/fax, and so on. Ink supply chan- 
nels take most of this volume. The pho- 
tographic printhead chip itself is only 
102x0.55 x0.3 mm. 




Printers in 3G mobile phones 



Various Nozzle Capping Systems 

Nozzle capping systems have been 
designed for various applications. 

A miniature nozzle capping system 
has been designed for portable and pho- 
tographic applications. For a photo- 
graphic printer this nozzle capping 
system is only 106 x 5 x 4 mm, and does 
not require the printhead to move. 

For very low cost printers, such as 
printers incorporated into pens, the noz- 
zle capping mechanism is a single piece 
of molded plastic costing less than a 
cent. 

In desktop printers, the printhead can 
be capped against a transfer roller for 



robust operation and consumer-prool- 
ing. 

iz U) stonienc soal caps pt n t^* • • 
sgainst the transfer roller , 




Cross section of packaged 
printhead (CEprint version) 

High Manufacturing Yield 

The projected manufacturing yield 
(at maturity) of the Memjet printheads is 
at least 80%, as it is primarily a 0.5 
micron digital CMOS chip with an area 
of only 0.15 cm^ per inch of printhead. 
Most modem CMOS processes achieve 
high yield with chip areas in excess of ^1 
cm^. For chips less than around 1 cm , 
cost is roughly proportional to chip area^ 
Cost increases rapidly between I cni 
and 4 cm^, with chips larger than this 
rarely being practical. There is a strong 
incentive to ensure that the chip area is 
less than 1 cm^. 

For thermal Inkjet and bubblejet 
printheads, the chip width is typically 
around 5 mm, limiting the cost effective 
chip length to 1 to 2 cm. A major target 
of Memjet has been to reduce the chip 
width as much as possible, allowing cost 
effective monolithic pagewidth print- 
heads. 

In the eariy stages of manufacture, 
before high yields are obtained, fault tol- 
erance can be used. Although fault toler- 
ance doubles the *raw' chip area, wafers 
with defect densities as high as 100 
defects per cm^ can still obtain good 
printhead yields. 

Low Process Complexity 

With digital IC manufacture, the 
mask complexity of the device has little 
or no effect on the manufacturing cost or 
difficulty. Cost is proportional to the 
number of process steps, and the litho- 
graphic critical dimensions. Memjet 
uses a standard 0.5 micron IP2M 
CMOS manufacturing process, with an 
additional 7 MEMS mask steps. This 
makes the manufacturing process less 
complex than a typical 0.25 micron 
CMOS logic process with 5 level metal 
i However, as the MEMS postprocessing 



is not standard, a significant amount of 
process development is required. Con- 
siderable effort has been undertaken to 
minimize the complexity and risk of this 
process development. However, since 
any process development is usually dif- 
ficult and expensive, this is likely to be 
the highest portion of the remaining 
development costs. 

Simple Testing 

Memjet includes test circuits and a 
test strategy that allows most testing to 
be completed at the wafer probe stage. 
Testing of all electrical properties, 
including the resistance of the actuator, 
can be completed at this stage. How- 
ever, actuator motion can only be tested 
after release from the sacrificial materi- 
als. Actuators can be tested before being 
filled with ink using optical methods. 
The paddle is reflective and the nozzle 
chamber is transparent. Paddle deflec- 
tion can be measured accurately by 
counting interference fringes of mono- 
chromatic light. Final testing of pack- 
aged printheads is readily performed by 
printing a test pattern which is automati- 
cally checked using a linear image sen- 



Low Cost Packaging 

Memjet is packaged in an injection 
molded polycarbonate package. All con- 
nections are made using Tape Auto- 
mated Bonding (TAB) technology, 
though wire bonding can be used as an 
option. All connections are along one 
edge of the chip. 




Mo/ded plastic package 

Relaxed Critical Dimensions 

The critical dimension (CD) of the 
Memjet CMOS drive circuitry is 0.5 
microns. Advanced digital ICs such as 
microprocessors currently use CDs of 
around 0.25 microns, which is two 
device generations more advanced than 
the Memjet printhead requires. Most of 
the MEMS post processing steps have 
CDs of 1 micron or greater. 
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L/ow Stress during Manufacture 
Devices cracking during manufac- 
are a critical problem with both 
L.^timal inkjet and piezoelectric devices. 
This limits the size of the printhead that 
it is possible to manufacture. The 
stresses involved in the manufacture of 
Memjet printheads are no greater than 
those required for CMOS fabrication. 
Memjet printheads are not sawn from 
the wafer, but are gently plasma etched 
instead. 

No Scan Banding 

Memjet is a fill I page width print- 
head, so does not scan. This eliminates 
one of the most significant image qual- 
ity problems of inkjet printers. Banding 
due to other causes (mis-directed drops, 
printhead misalignment) is usually a sig- 
nificant problem in pagewidth print- 
heads. These causes of banding have 
also been addressed. 

'Perfect' Nozzle Alignment 

All of the nozzles within a printhead 
are aligned to sub-micron accuracy by 
the 0.5 micron stepper used for the 
lithography of the printhead. Nozzle 
alignment of two 4" printheads to make 
an A4 pagewidth printhead is achieved 
with the aid of mechanical alignment 
features on the printhead chips. This 
allows automated mechanical align- 
ment (by simply pushing two printhead 
chips together) to within 1 micron. If 
finer alignment is required in special- 
ized applications, 4" printheads can be 
aligned optically. 

Controllable Drop Velocity 

An accurately controlled drop veloc- 
ity improves image quality, as the posi- 
tion of dots on the moving substrate is 
more accurate. An accurate drop veloc- 
ity also enables a lower nominal drop 
velocity, which reduces power con- 
sumption. A low drop velocity requires 
laminar airflow, with no eddies, to 
achieve good drop placement on the 
print medium. This is achieved by the 
design of the printhead packaging. 

For printing on 'rough* surfaces 
higher drop velocities are desirable. 
Drop velocities up to 15 m/s can be 
achieved using variations of the design 
dimensions. It is possible to manufac- 
ture printheads with a 4 m/s drop veloc- 
ity, and printheads with a 15 m/s drop 
velocity, on the same wafer. This is 
because both can be made using the 
same process parameters. 

No Misdirected Drops 

Misdirected drops are eliminated by 
the provision of a thin rim around the 



nozzle, which prevents the spread of a 
drop across the printhead surface in 
regions where the hydrophobic coaling 
is compromised. 



Nozzle hn) 




No Thermal Crosstalk 

When adjacent actuators are ener- 
gized in bubblejet or other thermal ink- 
jet systems, the heat from one actuator 
spreads to others, and affects their firing 
characteristics. In Memjet, heat diffiis- 
ing from one actuator to adjacent actua- 
tors affects both the heater layer and the 
bend-canceling layer equally, so has no 
effect on the paddle position. This virtu- 
ally eliminates thermal crosstalk. 

No Structural Acoustic Crosstalk 

This is a major problem with piezo- 
elbctric printheads. It does not occur in 
Memjet. 

No Fluidic Acoustic Crosstalk 

Each simultaneously fired nozzle is 
at the end of a 300 micron long ink inlet 
etched through the (thinned) wafer. 
These ink inlets are connected to large 
ink channels with low fluidic resistance. 
This configuration virtually eliminates 
any effect of drop ejection from one 
nozzle on other nozzles. 

Acoustic crosstalk between 'pods' 
(groups of nozzles sharing an ink chan- 
nel) is almost entirely eliminated by the 
300 micron long channels opening into 
relatively large fluid reservoirs. Acous- 
tic crosstalk within a pod is effectively 
eliminated by the time delay between 
subsequent drop ejections within a pod. 
This is typically 20 microseconds, 
which is more than 40 times longer than 
the resonant frequency of the ink chan- 
nel. This gives plenty of time for acous- 



tic vibrations to be damped between 
drop ejections. 




Ink channel 



No Power Supply Crosstalk 

The thick copper bus-bars in the 
device package, and the active power 
supply compensation mechanism, effec- 
tively eliminate crosstalk coupled 
through the power supply. 




/ : 

Bus bars 

Permanent Printhead 

All of the knovm problems that limit 
the life of inkjet printheads have been 
eliminated, allowing the printheads to be 
permanently installed. This dramatically 
lowers the production cost of consum- 
ables. Note, however, that the selling 
price of consumables is not necessarily 
related to the production cost, and need 
not be reduced. 

No Kogation 

Kogation (residues of burnt ink, sol- 
vent, and impurities, from the Japanese 
'koga' for burnt rice) is a significant 
problem with bubblejet and other ther- 
mal inkjet printheads. Memjet does not 
have this problem, as the ink is not 
heated. 

No Cavitation 

Erosion caused by the violent col- 
lapse of bubbles is another problem that 
limits the life of bubblejet and other 
thermal inkjet printheads. Memjet does 
not have this problem because no bub- 
bles are formed. 
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No Electromigration 

No metals are used in Memjel aclua- 
or nozzles, which are entirely 
c_,.amic. Therefore, there is no problem 
with electromigration in the actual Inkjet 
devices. The CMOS metallization layers 
are designed to support the required cur- 
rents without electromigration. This can 
be readily achieved .because the current 
considerations arise from heater drive 
power, not high speed CMOS switching. 

Distributed Power Connections 

While the energy consumption of 
Memjet is fifty times less than thermal 
inkjet, the high print speed and low volt- 
age results in a fairly high electrical cur- 
rent consumption. Worst case current 
for a photographic Memjet head printing 
in two seconds from a 3 Volt supply is 
4.9 Amps. This is supplied via copper 
busbars to 256 bond pads along the edge 
of the chip. Each bond pad canries a 
maximum of 40 mA. On chip contacts 
and vias to the drive transistors carry a 
peak current of 1 .5 mA for 1 .2 ^is, and a 
maximum average of 12 mA; 

Alternating pqv^er and signal 
connections oil TAB film 




Close-up cross section of packaged 
printhead 

No Corrosion 

The nozzle and actuator are entirely 
formed of glass and titanium nitride 
(TiN), a conductive ceramic commonly 
used for metallization barrier layers in 
CMOS devices. Both materials are at 
minimum chemical energy levels with 
respect to water, so do not corrode. Tita- 
nium nitride does not corrode or dis- 
solve in extreme environments such as 
molten aluminum. It is lised as the coat- 
ing for the electrodes in aluminum 
smelters. TiN is also highly wear resis- 
tant - many watches and jewelry items 
are coated with TiN as it looks like gold, 
but has much better wear properties. 

TiN does slowly oxidize in air above 
500 °C, which limits the efficiency of 
the actuator, as the actuator efficiency is 
proportional to its temperature rise. 



Greater cfllcicncy can he obtained by 
the use of (Ti,Al)N, which has similar 
properties to TiN but resists oxidation 
up to 900 °C. 

No Electrolysis 

The ink is not in contact with any 
electrical potentials, so there is no elec- 
trolysis. This is achieved by a deliberate 
design feature in the actuator arm, which 
is a gap between the actuator loop and 
the paddle. This electrically isolates the 
paddle from the drive circuit. 

No Fatigue 

. All actuator movement is within 
elastic limits, and the materials used are 
all ceramics, so there is no fatigue. 
Finite element analysis shows the maxi- 
mum strain to be 0.5%. 

No Friction 

No moving surfaces are in contact, 
so there is no friction. 




The actuator and paddle do not con- 
tact the nozzle chamber 



No Stiction 

'Stiction' is a combination of *stick- 
ing' and 'friction', a problem common 
to many MEMS devices. Memjet is 
designed to eliminate stiction during the 
release of the actuators. This is achieved 
by the low ratio of width to thickness of 
the cantilever beam, in combination 
with the high Young's modulus of the 
TiN layers. 

No Crack Propagation 

Finite element analysis (FEA) has 
shown the maximum strain to be 0.5%. 
This is well within the crack propaga- 
tion limit of the actuator, with the typi- 
cal surface roughness of the TiN layers. 

No Electrical Poling Required 

Piezoelectric materials must be 
poled after they are formed into the 
printhead structure. This poling requires 
very high electrical field strengths - 
around 20,000 V/cm. The high voltage 



requirement typically limits the size of 
piezoelectric prinlhcads to around 5 cm. 
requiring 100,000 Volts to pole. Memjcl 
requires no poling. 

No Rectified Diffusion 

Rectified diffusion - the formation of 
bubbles due to cyclic pressure variations 
- is a problem that primarily afflicts 
piezoelectric inkjets. Memjet is 
designed to prevent rectified diffusion, 
as the ink pressure never falls below 
zero. 

Elimination of the Saw Street 

The saw street between chips on a 
wafer is typically 200 microns. This 
would take 26% of the wafer area. 
Instead, plasma etching is used, requir- 
ing just 4% of the wafer area. This also 
eliminates breakage during sawing. \ 

Lithography Using Standard 
Steppers 

Although Memjet printhead chips 
can be as long as the wafer is wide, stan- 
dard steppers (which typically have an 
imaging field around 20 mm square) are 
used. This is because the printhead is 
'stitched' using identical half inch expo- 
sures. Alignment between stitches fields 
is not critical, as there are no electrical 
connections between stitch regions. One 
segment of each of 32 printheads is 
imaged with each stepper exposure, giv- 
ing an 'average' of 4 printheads per 
exposure. 

Integration of Full Color on a 
Single Chip 

Memjet integrates all of the colors 
required onto a single chip. This cannot 
be done with pagewidth 'edge shooter' 
designs, such as Canon Bubblejet. 

Wide Variety of Inks 

Memjet does not rely on the ink 
properties for drop ejection. Inks can be 
based on water, microemulsions, oils, 
various alcohols, MEK, hot melt waxes, 
or other solvents. Memjet can be 'tuned' 
for inks over a wide range of viscosity 
and surface tension. This is one signifi- 
cant factor allowing a wide range of 
applications. 

Archival Quality 

With the right choice of dye and 
media, archival permanence signifi- 
cantly better than color photographs can 
be achieved. 

Laminar Air Flow with no Eddies 

The printhead packaging is designed 
to ensure that airfiow is laminar, and to 
eliminate eddies. This is important, as 
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eddies or lurbulence could degrade 
image quality due to the small drop size. 




Printer wUh cofU rolled <iifilo\v 

High Drop Repetition Rate can be 
used 

The nominal drop repetition rate of a 
photographic Memjet is 5 kHz, resulting 
in a print speed of 2 seconds per photo. 
The nominal drop repetition rate for an 
A4 printhead is 10 kHz for 30+ ppm A4 
printing. The maximum drop repetition 
rate is primarily limited by the nozzle 
refill rate, which is determined by noz- 
zle chamber geometry, flow dynamics, 
ink pressure, and surface tension. Drop 
repetition rates of 40 kHz can be 
achieved (and 100 kHz may be achiev- 
able), allowing print speeds of 120 ppm 
using a single row of nozzles for each 
color. However, 34 ppm is entirely ade- 
quate for most low cost consumer appli- 
cations. 




120 ppii) duplex desktop printer 

For very high-speed applications, 
such as commercial printing, multiple 
printheads can be used in conjunction 
with fast paper handling. A suitable sys- 
tem for high end commercial printing 
can use one printhead per color per side. 
On a 34 inch web, this would give an 
effective (A4 equivalent) print speed of 
10,900 ppm with a 6.25 m/s paper 
speed. 

If the printer speed is reduced, the 
energy required to print a page is distrib- 
uted over a longer time, so the power 
consumption is reduced. For operation 
from AA batteries this can be important. 
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as the internal resistance of the batteries 
limits the available power. The battery 
lifetime is not an important issue, as 
hundreds of pages can be printed from 
one set of batteries. The drop repetition 
rate can be reduced as low as desired to 
reduce power consumption, as the 
CMOS design is fully static. 

Low Head-to-Paper Speed 

The nominal head to paper speed of 
a photographic Memjet printhead is only 
0.076 m/sec. For an A4 printhead it is 
only 0.16 m/sec, which is about a third 
of the typical scanning Inkjet head 
speed. The low speed simplifies printer 
design and improves drop placement 
accuracy. However, this head-to-paper 
speed is enough for 34 ppm printing, 
due to the pagewidth printhead. Higher 
speeds can readily be obtained where 
required. 

High Speed CMOS not Required 

The clock speed of the printhead 
shift registers is only 14 MHz for an let- 
ter/ A4 printhead operating at 30 ppm. 
For a photographic printer, the clock 
speed is only 3.84 MHz. This is much 
lower than the speed capability of the 
CMOS process used. This simplifies the 
CMOS design, and eliminates power 
dissipation problems when printing 
near-white images. 

Fully Static CMOS Design 

The shift registers and transfer regis- 
ters are fully static designs. A static 
design requires 35 transistors per nozzle, 
compared to around 13 for a dynamic 
design. However, the static design has 
several advsmtages, including higher 
noise immunity, lower quiescent power 
consumption, and greater processing tol- 
erances. 

Wide Power Transistor 

The width to length ratio of the 
power transistor is 688. This allows a 4 
Ohm on-resistance, whereby the drive 
transistor consumes 6.7% of the actuator 
power when operating from 3V. This 



size transistor fits beneath the actuator. 
Thus an adequate drive transistor, along 
with the associated data distribution cir- 
cuits, consumes no chip area that is not 
already required by the actuator. 

There are several ways to reduce the 
percentage of power consumed by the 
transistor: increase the drive voltage so 
that the required current is less, reduce 
the lithography to less than 0.5 micron, 
use BiCMOS or other high current drive 
technology, or increase the chip area, 
allowing room for drive transistors 
which are not underneath the actuator. 
However, the 6.7% consumption of the 
present design is considered a cost/per- 
formance optimum. 

Extensive Simulation 

Extensive simulations of fluid 
dynamic, mechanical, thermal, electri- 
cal, and other characteristics of the 
device have been performed. These are 
done using software developed at Sii- 
verbrook Research, in combination with 
several leading commercial software 
packages (Ansys, Fidap, and Matlab). 
Simulation is used as a *computational 
microscope' which is able to 'see' micro- 
scopic stresses, temperature profiles, 
and fluid flow in ways impossible with 
physical experiments. All simulations 
performed at Silverbrook Research are 
'causal'. That is, no assumptions are 
made about the motion of the ink or 
other aspects of the device. A simulated 
voltage pulse is provided to the actuator, 
and then we watch what happens. Simu- 
lations are performed at sufficient reso- 
lution to capture the detailed behavior of 
features such as satellite drops. More 
than 2,000 simulations have been per- 
formed, using more than 20,000 hours 
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of compute lime on several high pcrtbr- 
mance workstations. 
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Yield 

Yield is, of course, a critical aspect 
ianufacturing any chips. For this rea- 
son, we have put considerable emphasis 
on maximizing yield. The base CMOS 
process is 0.5 micron, a mature technol- 
ogy able to achieve very high yields on 
reasonable sized chips. The chip size is 
small: about 8 mm^ per 1/2" print head 
segment (1.3 cm^ for an 8" printhead). 



The MHMS process itself is not vcr>' 1 
sensitive to particulate contamination - 
most feature sizes are well above 1 
micron, and most layers are quite insen- 
sitive to particulate contamination. 

However, it is not a good idea to be 
complacent about yield, especially for a 
new process. Accordingly, the yield 
estimates that we use are pessimistic. 
The yield is calculated from the defect 



i density for four diiTcrent printhead con- 
figurations. 

Yield ramp-up 

This projection assumes a slow yield 
ramp-up over around 5 years. It starts 
with a defect density of more than 100 
defects per cm^, falling to around 0.2 
per cm^ by 2005. 



Defect Density used for these financial projections (log scale) 

(note: these defect density projections are intended as a w orst case estimate for conservative financial projections 
- actual defect densities w ill probably be nuch lower) 




Redundancy and Fault Tolerance 

To allow cost-effective production 
of printheads in the early years when the 
defect density is high, redundant print- 
heads can be used. 

The business model automatically 
selects between four configurations of 
print-head, depending upon how the cost 
of each configuration changes with 



changing yield. These configurations 
are: 

1) A printhead with full redundancy 
(two complete rows of nozzles) made 
from tested and matched 1/2" printhead 
segments (a total of 32 half inch seg- 
ments). 

2) A printhead with full redundancy 
made from two rows of untested 4" 



printhead segments (a total of 4 four 
inch segments). 

3) A printhead with no redundancy 
made from 16 half inch tested segments. 

4) A printhead with no redundancy 
made from 2 four inch tested segments. 




Printhead chip 



Normal printhead configuration with a single set of nozzles 
(51.200 total nozzles) 




Printhead chip 

"Spare" printhead chip 

Redundant printhead configuration with two sets of nozzles 
(102,400 total nozzles) 
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Printhead Yield 

The overall prinlhead yield can be 
- 'oved dramalically by the use of 



redundancy / fault tolerance when the types based on the dereci density curve ' 
defect densities are high. ; above. \ 

The following graph shows the sort 
yield' of 8^' printheads of four different 

Yield for Various Configurations 
Showing Optimum Configuration 
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Printhead Manufacturing Cost 

The manufacturing cost of the print- 
head changes with yield. Although the 
yield of the fault tolerant configurations 
of printhead will always be higher than 
non-fault tolerant configurations, fault 



tolerance is not cost effective once the 
defect densities are low enough. The pri- 
mary reason for this is that two complete 
sets of nozzles are required for fault tol- 
erance (unlike memories, where a few 
redundant rows and/or columns are suf- 



ficient). The graph below reflects the 
total manufacturing costs of printheads, 
including device sorting and packaging. 
The volume of manufacture is also con- 
sidered into the cost projection. 
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Manufacturing Cost for Various Configurations 
Showing Optimum Conftguration 
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Volume 

..The manufacturing volume is pre- 
id to go through three major phases: 
1) An initial lab phase, where on!y 
around 100 wafers per month are pro- 
cessed, the yield are low to none, and 
the available number of printheads is 
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Early Product Mix 

The market focus during the pilot 
phase and the main production phase 
should be different. During the pilot 
phase, markets which are relatively 
insensitive to print-head cost should be 
targeted. These include: 

1) Wide format printing (machine 
prices around $10,000) 

2) Network color printing (machine 
prices between $3,000 to $7,000) 

3) Digital commercial printing 
(machine prices $ 1 00,000 and up) 

4) Photo finishing (machine prices 
between $5,000 and $20,000) 

During the main manufacturing 
phase, high volume markets can also be 
targeted. 



vcr\' limited. Defect densities above 100 
per cm- are assumed. 

2) A pilot phase, where the number 
of wafers processed each month is 
5,000. Defect densities are assumed to 
be between 10 per cm^ and 100 per cm", 
necessitating the use of redundancy to 
achieve good printhead yields. 



3) A full manufacturing phase, 
where 25.000 wafers are processed each 
month. Here defect densities are 
expected to fait from around 8 per cm^ 
to 0. 1 per cm^ over the course of five 
years. During this phase, it is more cost 
effective nol to use redundancy. 
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Millions of 8" Printheads per quarter for Various Configurations 
Showing Optimum Configuration 
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Memjet Prototype 

Fa. LIGATION 

Before an integrated CMOS + 
MEMS prototype is made, we recom- 
mend the fabrication of a MEMS only 
prototype. The MEMS prototype can be 
made very faithfully to a full print head, 
with nearly identical actuator and nozzle 
structure. The main limitation of a 
MEMS only prototype is that the num- 
ber of nozzles is limited, as a separate 
bond pad is required for each nozzle. 



The prototype described here has 
only .15 nozzles per chip. The behavior 
of a few groups of 5 nozzles is a near 
perfect model of the entire chip perfor- 
mance, as the fluidic, thermal, electrical, 
acoustic, or mechanical coupling 
between 5 nozzle groups is extremely 
small. 

A chip layout with 15 nozzles is 
shown below. This chip is 3 mm x 3 
mm, and is replicated on a 1 .2 x 1,2 cm 
mask set. The mask set contains 1 0 vari- 
ants of the precise nozzle dimensions. 



plus various test structures. The mask 
also contains a test printhead with 
around 3000 nozzles. As there is no 
CMOS on the chip, only some of the 
nozzles are 'wired up\ This chip is 
intended to test mechanical aspects of 
handling and packaging. 

The mask has been laid out using 
'Tanner Tools', and is available as Tan- 
ner or GDSII files. 

The subsequent pages show the pro- 
cess steps, and the mask for a single 
nozzle unit cell. 



Memjet 19 



1) 1 Micron Aluminum 




Process details 

One micron of aluminum is deposited 
and etched using Mask 1. This mask 
includes the electrodes to the actxiatbr, 
the bond pads, and the wiring between 
these items. It is possible to replace the 
aluminum with TiN wiring and bond 
pads. However, that, would diverge fur- 
ther from the CMOS + MEMS design, 
and add process risks. The region around 
the nozzle chamber is on Metal 1 for a 
1P2M CMOS + MEMS process, while 
the electrodes are on metal 2. 



Layer thickness 


1 micron (nominal) 


Thickness variation 


± 50% 


Linewidth 


3 microns 


CD Accuracy 


± 0.2 microns 


Alignment accuracy 


Mechanical 


Align to 


Wafer flat 


Production process 


CMOS Ml and M2 


Production mask 


Contains wiring 




Top View 



E 



E 
=1. 



Deposit and etch 1 nnicron aluminum 
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2) 1 Micron PECVD Nitride 






Process details 

One micron of PECVD silicon nitride is 
deposited and etched using Mask 2. This 
mask includes the vias from the alumi- 
num to the first TiN layer, and some rela- 
tively minor fluid control aspects. For a 
CMOS + MEMS process, this is the pas- 
sivation layer, and will typically be 0.5 
microns of glass followed by 0.5 microns 
of silicon nitride. 

A pure nitride passivation layer is prefer- 
able, to prevent ions from the ink from 
diffusing through the glass. 



Layer thickness 


1 micron 


Thickness variation 


± 20% 


Linewidth 


1 micron 


CD Accuracy 


± 0.2 microns 


Alignment accuracy 


db 0.2 microns 


Align to 


Metal 1 


Production process 


CMOS passivation 


Production mask 


Same 



Mask 2 



□□ 




□□ 




□□ 




□□ 




Top View 







Deposit and etch 1 micron PECVD SixNyH^ 
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3) 1.5 Microns Sacrificial Polyimide 




Process DETAILS 

1.5 microns of spin-on photosensitive 
polyimide is deposited and exposed using 
UV light to Mask 3. The polyimide is 
then developeid and hardbaked. 1.5 
microns is the final thickness - around 3 
microns of liquid is spun on, depending 
upon shrinkage. 

The polyimide is sacrificial, so there is a 
wide range of alternative materials which 
can be used, such as glass or aluminum. 
Photosensitive polyimide simplifies the 
processing, as it eliminates deposition, 
etching, and resist stripping steps. 



Layer thickness 


1.5 microns 


Thickness variation 


± 10% 


Polyimide sidewalls 


approx. 60° 


Linewidth 


1.25 micron 


CD Accuracy 


±0.15 microns 


Alignment accuracy 


±0.15 microns 


Align to 


Metal 1 


Production process 


Same 


Production mask 


Same 




Masks 





□□ 
□□ 




i 




□□ 
□□ 











Top View 



1.5 microns sacrificial photosensitive polyimide 



Memjet 22 



4) Sputter 0.2 Microns TiN or (Ti,AI)N 




Process details 

0.2 microns of magnetron sputtered tita- 
nium nitride is deposited at 300 °C and 
etched using Mask 4. This layer contains 
the actuator and part of the paddle. 

In production, the resistivity of this layer 
of TiN should be consistent to within a 
few percent over the wafer. 

(Ti,Al)N is preferred to TiN for high effi- 
ciency operation, as it resists oxidation at 
higher temperatures. 



Layer thickness 


0.2 microns 


Thickness variation 


±5% 


Line width 


1 micron 


CD Accuracy 


±0-15 microns 


Alignment accuracy 


±0.1 microns 


Align to 


Metal I 


Production process 


Same 


Production mask 


Same 




Top View 



0.2 microns TiN sputtered at 300 degrees C 
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5) 1 .5 Microns Sacrificial Polyimide 




Process DETAILS 

This step is identical to step 3. 

1.5 microns of spiii-oh photosensitive 
pojyimide is deposited arid exposed using 
UV light to.Mjask 5. The polyimide is 
then developed, and- hardbaked. 1.5 
microns is ;tKe'. fin^ thickness - spin on 
around 3 microns depending upon shrink- 
age. The thickness determines the gap 
between the actuator and compensator 
TiN layers, so has an effect on the 
amount that the actuator bends. 




Mask 5 



Layer thickness 


1.5 microns 


Thickness variation 


± 10% 


Polyimide sidewalls 


approx. 60° 


Linewidlh 


1 micron 


CD Accuracy 


± 0.5 microns 


Alignment accuracy 


± 0.4 microns 


Align to 


Metal I 


Production process 


Same 


Production mask 


Same 




Top View 



-.^. i .^ ^^^ 



1.5 nnicrons sacrificial photosensitive polyimide 
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6) 0.2 Microns Sputtered TiN 




Process details 

This step may be identical to step 4. 
However, there is rip efficiency advan- 
tage in the use of (TiAOfeas t^ 
not part of the thermal actuator. Either 
TiN or (Ti,Al)N miay be: li^ed equiva- 
lently. 

Deposit 0.2 microns of magnetron sput- 
tered titanium nitride, at 300 °C. The TiN 
is etched using Mask 6. 

This layer is not electrically connected, 
and is used purely as a mechanical com- 
. ponent. 



Layer thickness 


0.2 microns 


Thickness variation 


±5% 


Linewidth 


I micron 


CD Accuracy 


db 0.1 5 microns 


Alignment accuracy 


±0.15 microns 


Align to 


TiN 1 


Production process 


Same 


Production mask 


Same 




Top View 



Hi. 



0.2 microns TiN sputtered at 300 degrees C 
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7) 8 Microns Sacrificial Polyimide, Al Mask 




Process details 

8 microns of standard polyimide is spun 
on and hardbaked. This thickness deter- 
mines the height to the nozzle chamber 
roof. As long as this height is above a 
certain distance (determined by drop 
break-off characteristics), then the actual 
height is of little significance. As this 
polyimide layer is not photosensitive, it 
may be a filled layer to obtain a lower 
coefficient of thermal expansion. 

A 50 nm aluminum hard mask is depos- 
ited. One micron of resist is spun on and 
exposed to Mask 7. The Al hardmask is 
etched. 



Layer thickness 


8 microns 


Thickness variation 


+ 4.-0.5 microns 


Linewidth 


2 microns 


CD Accuracy 


±0.5 microns 


Alignment accuracy 


±0.1 microns 


Align to 


TiN 1 


Production process 


Same 


Production mask 


Depends on etch 




8 microns sacrificial polyimide, with aluminum mask 
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Process details 

Sacrificial polyimide is anisotropically 
plasma etched. The sidewall angle should 
be better than 80 degrees. The mask 
design shown for Mask 7 is for 90 degree 
sidewallSi and should be modified to suit 
the etch process if the etch process used 
varies more than ± 3 degrees from .vertical. 



Etch depth 


1 1 microns 


Etch stop 


TiN, Si3N4 


Sidewall angle 


90 degrees 


Angle accuracy 


± 3 degrees 


Alignment accuracy 


± 0.2 microns 


Align to 


TiN 2 


Production process 


Same 



Uses aluminum hard mask from previous step 



CD 

rn 






1 


DC 





5# 



Top View 




Etch sacrificial polyimide using oxygen plasma 
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9) 1 Micron Conformal SilicQn Nitride 





Process DETAILS 

I micron of PECVD silicon nitride is 
deposited at 300 °C: This fills the chan- 
nels formed in the previous PS polyimide 
layer, forming the nozzle chamber, v 



In the cross sectiph, some areas appear to 
be large solid areas of nitride. These are 
actually 2 micron thick slots viewed side 
on. 

This layer is not particularly critical. The 
major requirement is good adhesion to 
TiN. Enclosed vacuoles should not cause 
problems. 

The nitride deposition is followed by 1 
micron of polyimide, which is hardbaked. 



Si3N4 thickness 


I micron 


Thickness variation 


+/- 25% 


Polyimide thickness 


1 micron 


Thickness variation 


+/- 25% 


Production process 


Same 



No Mask 



Top View 




1 micron conformal PECVD Si^NyH^ 1 micron polyimide 
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10) Etch Polyimide and Nitride 




Process details 

The polyimide is etched down to nitride 
using Mask 8, The nitride is then etched 
down to Sac 3 polyimide using the Sac 4 
polyimide as a mask. 



PI Etch depth 


1.5 micron 


Etch variation 


± 10% 


Nitride Etch depth 


1.5 micron 


Etch variation 


± 10% 


Linewidth 


1 micron 


CD Accuracy 


± 0. 1 5 microns 


Alignment accuracy 


±0.1 microns 


Align to 


TiN2 


Production process 


Same 


Production mask 


Same 




Mask 8 



....Q.o^ 


CIZl 




□ J 







Top View 




Etch of Sac 4 polyimide and nozzle roof SiyNyH^ 



1 1 ) Deposit 0.25 Microns of PECVD Nitride 




Process details 

0.25 microns of conformal PECVD sili- 
con nitride is deposited at SOO'^C. 



This layer forms the nozzle rims, using a 
'sidewall spacer' like process. The thick- 
ness is not particularly critical, and could 
be substantially thinner if desired, as 
there is insignificant fluidic pressure act- 
ing on the rim. 



Si3N4 thickness 


nominal 0.25 
microns 


Thickness variation 


± 25% 


Production process 


Same 



No Mask 




Deposit 0.25 microns oi PECVD SixNyH^ 
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12) Anisotropic Etch of Nitride 




Process details 

The nozzle rim nitride is anisotropically 
plasma etched. The etch can be timed, as 
etch depth is not critical. Substantial 
overetch is required to ensure that only 
vertical nitride walls remain, and that 
nitride over sloping topography is com- 
pletely removed. 



No Mask 



Etch depth 


0.5 microns 


Depth variation 


± 20% 


Production process 


Same 


Production mask 


None 




0.5 micron anisotropic 'sidewall* etch of SixNyHz 



Memjet 31 



13) 4 Microns of Softbaked Resist 




Process details 



Spin on 4 microns of resist and soflbake. 

This resist layer is to protect the front 
side of the wafer during backetch. Tlie 
resist thickness is to cover the topography 
of the MEMS devices, and thereby allow 
a vacuum chuck to be used. 



Resist thickness 


4 microns nominal 


Thickness variation 


+50% - 25% 


Production process 


Same 


Production mask 


None 



No Mask 



Top View 




4 microns softbaked resist as a protective layer 
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14) Back-etch using Bosch Process 



Process details 

The wafer is thinned to 300 microns (to 
reduce back-etch time), and 3 microns of 
resist on the back-side of the wafer is 
exposed to Mask 10, Alignment is to 
metal 1 on the front side of the wafer. 
This alignment can be achieved using an 
IR microscope attachment to the wafer 
aligner. The wafer is then placed on a 
platter and etched to a depth of 330 
microns (allowing 10% overetch) using 
the deep silicon etch "Bosch process". 
This process is available on plasma etch- 
ers from Alcatel, PlasmaTherm, and Sur- 
face Technology Systems. 



Etch depth 


330 micron 


Etch variation 


± 10% 


Linewidth 


40 microns 


CD Accuracy 


± 2 microns 


Alignment accuracy 


± 2 microns 


Align to 


Metal 1 


Production process 


Same 


Production mask 


Full wafer 





Mask 9 (includes chip edges) 




Bottom View, rotated around horizontal axis 



t, 



















r 







Back-etch through wafer using Bosch process 
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15) Strip all Sacrificial Material 




Process details 

The chips were diced by the previous 
Bosch process back-etch. However, the 
wafer is still held together by 1 1 microns 
of polyimide. The wafers must now be 
turned over. This can be done by placing 
a tray over the wafer on the platter, and 
tuming the whole assembly (platter, 
wafer and tray) over while maintaining 
light pressure. The platter is then 
rernoved, and the wafer (still in the. tray) 
is placed in the oxygen plasma chamber. 

All of the sacrificial polyimide is ashed in 
ah oxygen plasma. 



No Mask 




Top View 




Package, bond, prime, and test 
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16) Package, Bond, and Prime. 




Process details 

Glue the chip into a package with an ink 
inlet hole, for example, a pressure trans- 
ducer package. The ink hose should 
include a 0.5 micron absolute filter to 
prevent contamination of the nozzles. 

The prototype Memjet chips are 3 nun 
square, but the ink inlet hole region is 
only about 240 x 160 microns, in the cen- 
ter of the chip. Glue the chip into the 
package so that the chip ink inlet is over 
the hole in the package. This requires 
only 500 micron accuracy. Wire bond the 
. 6 connections to nozzles to be tested. 

Fill the packaged printhead under approx. 
5 kPa ink pressure to prime it. 
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17) Test 





Process details 



Testing of the inkjets is performed by a 
mixture of physical observation and sim- 
ulation. 

The primary physical test is to take high 
speed photomicrographs of the ink drops 
in flight. This is done with a special opti- 
cal microscope, a high speed flash, a 
gated photomultiplier plate, and a high 
speed CCD camera. The images are 
stored on computer and carefully com- 
pared to the simulation results. When the 
simulation matches the experimental 
images to within a few percent, then the 
simulation can act as a 'microscope' able 
to see almost any aspect of the nozzle 
operation. 




Actuate 



Return 



Silverbrook Research is establishing a 
testing laboratory that will be able to per- 
form the necessary tests, and correlate 
these tests with extensive simulation 
results. 
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1 S-print Overview 

S-print is a high-speed di^lex networic color printer intended for high-volume office use. 
It features 2000-sheet motorized paper trays, 120 page-per-minute operation, and 1600 dpi 
photogr£q)hic-quality output. 

With 20 times the speed of the best network color laser printers, and 4 times the speed of 
the best network monochrome laser printers, S-print effectively targets the $40 billion 
desktop laser printer market^ With its high performance and photographic-quality output, 
it also competes against offset printing for print runs smaller than 5000 copies. 

S-print accommodates A4/Letter sized media and, with a tray adapter, A3/Tabloid sized 
media. It achieves simultaneous high quality and performance using full-color page-width 
1600 dpi Memjet printheads. 

S-print uses an embedded DSP-based raster image processor (RIP) to rasterize Postscript 
and PCL page descriptions at high speed. The standard RIP uses a smgle DSP, but up to 
three additional DSP modules can be plugged in to increase performance. 

The RIP compresses and stores the rasterized page images on an internal high-capacity 
hard disk. While simple page descriptions are rasterized at the full 120 ppm printing rate, 
more complex page descriptions may take longer. Pre-rasterized documents retrieved 
fix)m the internal hard disk are always printed at the full 120 ppm printing rate. Any docu- 
ment can be "printed" to the hard disk for later high-speed retrieval. 

Users can walk up to an S-print, select locally-stored documents on its color LCD, and 
print them immediately, without ever going near a workstation. Documents printed in this 
way always print at the fiill 120 ppm rate. The standard 14GB internal hard disk stores 
over 6000 imagerintensive pages. Because of its walk-up capability and high speed, S- 
print is likely to displace many uses of short-nm offset printing. 

S-print uses duplexed printheads for simultaneous double-sided printing. iDuring the pilot 
phase of Memjet printhead manufacturing when the printhead defect density is still poten- 
tially high; each priiithead is replicated to achieve 2:1 nozzle redundancy. This allows fac- 
tory-detected defective nozzles to be bypassed, and so maximises printhead yield, A pair 
of custom print engines expand, dither and print page images to the duplexed printheads in 
real time. 

Apart fix)m custom print engines and Memjet printheads, S-print is built using standard 
off-the-shelf electronic components. 



1 . 1 998 market size (source: IT Strategies) 
Confidential 



20 April 1999 



1 



Silvefbrook Research 



S-print Product Concept 



draft vO.1 



2 Network Printer Comparison 

Table 1 compares the specifications and running costs of S-print with those of various 
Hewlett-Packard network laser printers, ranging fi:x)m the entry-level HP 4500 to the high- 
end HP 8500, and including the high-end monochrome HP 8100. Product descriptions for 
these HP printers appear at the end of this document (fix)m www.hp.com). 

Table 1. Network printer comparison 





■ ■ r/ '-Siirtiit : 


^ HP 4500* 


;~ :•' HP '6500* 


HP8100* 

^ v ." (monochrome) 


Spectftcations 










Available 


Prcjected 2001 


Now 


Now 


Now 


Speed (color) 


120 ppm 


4ppm 


6 ppm 


NA 


Speed (monochrome) 


120 ppm 


16 ppm 


24 ppm 


32 ppm 


Technology 


Lkiuid Inkjet 


Laser EP 


Laser EP . 


Laser EP 


Dot pitch 


1600 dpi 


600 dpi 


600 dpi 


600 dpi 


Configuration 


Desktop 


Desktop 


Fkx>r-standing 


Desktop 


Duty cyde (pages per month) 


600,000 


35,000 


60,000 


150,(X)0 


Duplex 


Yes 


Option 


Optk>n 


Option 


Full bleed (prints to edge of paper) 


Yes 


No 


No 


No 


Electronic collation 


Yes 


OptKKI 


Option 


Option 


WaflCHip printing of stored documents 


Yes 


No 


No 


Optkm 


Paper path 


Straight 


Complex 


Complex 


Complex 


Color model 


CMYK 


CMYK 


CMYK 


Monochrome 


Colorant 


Water-based ink 


Dry tor>er 


Dry toner 


Dry toner 


Network-ready 


Yes 


Optk}n 


Optk>n 


Option 


Standard paper capacity 


2000 


400 


1100 


1100 


Optional nuDcimum paper capacity 


2000 


900 


3100 


3100 


Maximum paper size 


A3fTabk»6 


A4/Letter 


A3/rabloid 


A3n'ablokj 


Raster image processor (RIP) 


1-4 Parallel DSPs 


133 MHz MIPS 4700 


133 MHz MIPS 4700 


166 MHz NECVR4310 


MenK>ry (standard) 


64MB 


32 MB 


32 MB 


16 MB 


Menrwry (n^tmum) 


256 MB 


208 MB 


256 MB 


208 MB 


Disk drive 


14 GB 


Optional 2.1 GB 


Optional 2.1 GB 


Optional 2.1 GB 


Control panel 


Color 1 r T iXAJ . 


^"Une aipna lLfU 


^-une atpna l\aj 


^Htne aipna lou 


Printer languages 


Postscript, PCL 


Postscript, KUL 


PostscripL rvA. 


rO^SCnpt, KUL 


Fonts 


TrueType, Postscript 


TrueType, Postscript 


TrueType. Postscript 


TmeType. Postscript 


Wann-up time 


Instant 


5 minutes 


5 minutes 


^1.5 minutes 


Power consumption (color) 


. aoowatts 


300 Watts 


375 Watts 


NA 


Power consumption (nfK>nochrome) 


75Watts 


500Watts 


750 Watts 


700 Watts 


Power oorisurnption (standby) 


2W^ 


140 Watts 


220 Watts 


145 W^ 


Power consumption (15% coverage) 


40 Watts 


300 Watts 


300 Watts 


V .700 Watts 


Dimensk>ns (H x Wx D, imperial) 


13-4" x 20.5" X M e* 


15-4'x19.rx22.4- 


41-r X 26.3' x 28.1" 


22.3" X 20.5" X 21.6" 


Dimensions (H x W x D. n>etnc) 


340 x 520 X 370 mm 


390 x 500 X 670 mm 


1060 x 668 x 714 mm 


566 X 520 X 540 mm 


yyfeight 


20 kg (44 lb) 


50.8 kg (112(b) 


101 .2 kg (223 lb) 


54 kg (120 lb) 


Printer cost 










Minimum system 


$3,000 


$2,499 


$5,999 


$2,679 


Optiorted system^ 


$6,000 


$4,674 


$7,895 


$5,774 


Consumat>les capacity 










Black inkAoner (5% coverage) 


88,778 pages 


9,000 pages 


17,000 pages 


20,000 pages 
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Table 1. Network printer comparison 



Color inkAoner (5% coverage) 


44.389 pages 


6,000 pages 


8.500 pages 


NA 


Drumktt 


NA 


6,500 pages 


12.500 pages 


NA 


Transfer kit 


NA 


25.000 pages 


75,000 pages 


NA 


Fuser kit 


NA 


50,000 pages 


100.000 pages 


NA 


Consumables cost 










Black tnk/toner 


$100.00 


$77.94 


$136.00 


♦071 nn 
^Zf o.uu 


Color inkAoner 


$150.00 


$97.51 


$190.00 


MA 
win 


Drum kit 


NA 


$75.04 


$167.00 


NA 


Transfer kit 


NA 


$174.00 


$445.00 


NA 


Fuser kit 


NA 


$203,00 


$360.00 


NA 


Cost per page (not including paper) 










Light (5% coverage) 


1.13 cents 


8.00 cents 


9.96 cents 


1.37 cents 


Typical (15% coverage) 


3.38 cents 


19.48 cents 


24.97 cents 


4.10 cents 


Fuft page photos 


11.26 cents 


59.67 cents 


77.51 cents 


13.65 cents 


Annual consumables revenues^ 










Pages printed 


936.000 


31,200 


46.800 


249.600 


Revenue 


$31,629 


$6,078 


$11,685 


$10,221 



a. AllHP6peclficationsandpricesfromwww.hp.com. 13 April 1999, 

b. Duplex, networtt-ready, 2000-sheet capacity. 64MB, (S-print 4 DSPs). 

c. If the printer is used for 1 hour per day, 5 days per week, at 15% coverage, with 50% RIP overhead. 
High^nd users will likely exceed his, while the average will probably be lower. 



The actual market in vMch S-print would compete is wider than the network color printer 
market, since Memjet-based printers can also undercut the cost-per-page of monochrome 
laser printers. 

In the table, the S-print ink is priced to slightly undercut monochrome laser printers, and 
to undercut color laser printers by a factor of 6 to 8. Color laser consumables are complex, 
including toner, complex mechanical toner stirring, imaging drums, transfer systems, fus- 
ers, and various other accessories. It is therefore doubtful that the price of these consum- 
ables could be reduced by a similar factor and still be profitable. 

S-print ink cartridges are highly profitable. The black ink cartridge contains 1 liter of ink, 
costs $5 to manufacture, and sells for $100. The color ink cartridge contains 0.5 liter of 
ink, costs $3.50 to manufacture, and sells for $150. 

The S-print printer is priced between $3000 and $6000 depending on options. This makes 
it competitive with high-end monochrome laser printers such as the HP 8 1 00. Just as color 
inkjet printers have displaced monochrome inkjet printers at the low end of the market, 
color is also likely to displace monochrome in the midrange once color matches or betters 
the speed and cost-per-page of monochrome. 

In the annual consumables section at the end of the table, S-print is shown to print almost 
four times as many pages as the HP 8100. This is enabled by the fact that it prints four 
times faster than the HP 8100, and is justified by the likelihood that it will displace much 
short-run offset-printing in favor of in-house printing. 
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3 Utilization of Pilot Phase 
Yield 

Printhead manufacturing volume is predicted to go through three major phases: 

1) An initial lab phase, \^ere only around 100 wafers per month are processed, the 
yields are low to non-existent, and the available number of printheads is very lim- 
ited. Defect densities above 100 per cm^ are assumed. 

2) A pilot phase, where the number of wafers processed each month is around 5000. 
Defect densities are assumed to be between 10 per cm^ and 100 per cm^, necessitat- 
ing the use of redundancy to achieve good printhead yields. 

3) A full manufacturing phase, where 25,000 wafers are processed each month. Here 
defect densities are expected to fall fix>m around 8 per cm^ to 0. 1 per cm^ over the 
course of five years. During this phase, it is most cost-effective to not use printhead 
redundancy. 




half Inch ISaull tolerant 4 Inch fault toierant half inch sorted segments 4 Inch sorted segmenls - - Optimum configuration 



Figure 1. Millions of 8" printheads per quarter for various configurations 
(showing the optimum configuration) 

Figure 1 shows manufacturing volume as a function of printhead configuration. The pilot 
phase, fix)m October 2000 to October 2001, is characterized by a manufacturing volume of 
about one million deployable 8" printheads, made possible by redundant-nozzle printhead 
configurations. The full manufacturing phase, starting in October 2001, is characterized 
by a rapidly increasing manufacturing volume no longer reliant on nozzle redundancy. 

The market focus during the pilot phase and the full manufacturing phase should be differ- 
ent. During the pilot phase, markets which are relatively insentitive to printhead cost 
should be targeted. These include: 

1) Wide-format printing (machine prices around $10,000) 

2) Network color printing (machine prices between $3000 and $7000) 
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3) Digital commercial printing (machine prices $100,000 and up) 

4) Photo finishing (machine prices between $5000 and $20,000) 

During the full manufacturing phase, high volume markets can also be targeted. 

One million redundantly-deployable 8" printheads is sufficient for around 167,000 S-print 
printers. 

Table 2 indicates the size of the various digital printing markets. Markets in v^hich S-print 
is likely to compete effectively are highlit. 

Table 2. Selected digital printing markets, 1998 (source: IT Strategies) 





■ Total value v^:. 


...Prfntsre ..-^ 


.^(paperetc);) 


iV-lnlf orxSifwr ^--iv 
V;i^^.;coloiante 


1998iinlt 
^ shipments^ i;^^ 


AiRsteiled:: 








> il ! I't 1 ! ' i 








Consumer & SOHO tnk Jet 


$17,800 M 


$9,000 M 


$3,520 M 


$5,280 M 


29,000,000 


81.000.000 


Fax/MFP 


$8,000 M 


$4,000 M 


$1.500M 


$2,500 M 


5.000.000 


12.500.000 


Color Copier 


$5,750 M 


$2,000 M 


$750 M 


$3,000 M 


45.000 


183.000 


Wide Format Graphic 


$2,930 M 


$500M 


$1.080M 


$1,350 M 


44.000 


84.000 


Wide Format CAD 


$1,733 M 


$450 M 


$513 M 


$770 M 


125.000 


500.000 


Bar Code/Direct Mail/Coding 


$1,150 M 


$750 M 


$100 M 


- $3pOM 


14,000 


75.000 




Kiosk Photo Printing 


$241 M 


$120 M 


$46M 


$73M 


10.000 


36.000 


Card Printing (ID, Sn^ft Cards) 


$300M 


$101 M 


$109M 




. 18.000 


51.000 


Proofing Printing 


$513 M 


$250M 


$105M 


$158 M 


11.000 


72.000 


MICR Printing 


$205M 


$90M 


$50M 


$65M 


15.000 


50.000 


Medical Printing (X-ray, diagnostic) 


$125 M 


$35M 


$50M 


$40M 


3.000 


15,000 


Forms Printing 


$110M 


$50M 


$20M 


$40M 


500 


1.500 


Label Printing 


$13 M 


$10 M 


$2M 


; .$1M 


15.000 


16.000 


Total 


$82^20 M 


$34,251 M 


$18,777 M 


$29^92 M 


42.820.500 


134.083.500 



a. S-print competes at the high end of this market, where the unit price of a printer is atx>ve $2000. 
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4 Printer Mechanics 

S-print is compact, with minimum dimensions of 13.4" (340 mm) high by 20.5" (521 nrai) 
wide by 14.6" (371 mm) deep (see Figure 2). As the print engine is small, the machine is 
dominated by paper and ink storage. 




14.6" (371 mm) 1 
Figure 2. Plan and elevations of S-print printer unit 



Confidential 



20 April 1999 



6 



Sitverbrook Research 



S-print Product Concept 



i 

draft v0.1 




Figure 3. Front elevation of S-print (rotated) 



The overall views of S-print are shown in Figure 3 and Figure 4. The elevation in Figure 3 
shows the basic structure of the printer. It is built around a steel box section chassis with 
metal front, back and base panels attached. Two motorized paper trays form the basic 
paper path, with the imaging engines in the middle. The printer prints the wide edge of the 
paper to enable A3/Tabloid printing, and to achieve a compact form factor. 
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Figure 4. Plan of S-print 



The trays comprise a metal platen with rollers, roller guides, a chain drive, motor and high 
ratio gearbox. The chain drive is duplicated on the opposite side of the platen and linked 
via an axle at base level. This is a proven mechanism that allows smooth lifting and lower- 
ing of up to 2000 sheets of paper. A metal plate on one side of the paper tray can be relo- 
cated to provide either A4 or Letter width guidance. This entire paper tray assembly is 
duplicated on the other side of the printer to accept the high speed paper flow. Each tray is 
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housed in an injection-molded, color-tinted, transparent housing with a hinged door and 
latch sensors. 

Another motor assembly powers the paper pick-up roller which feeds the sheet through to 
the imaging engines. The top molding in Figure 5 can be unlatched and hinged upwards to 
reveal the metalwork chassis for the upper imaging engine. This in tum can be unlocked 
and pivoted upward for access to the printheads and drying lamps. 



Ink cartridge Sprung 
\ower rnoWin^ collar 



Ink reservoir 
bwer molding 



Ink carttidcie 
upper 



Ink reservoir 
upper molding 



Top 

molding 




Motor 
Assembly 

Pick-^up 
roller 



Fmthead ' 
chassis 

molding Printhead ' 
assembly 



Infra-red 
tube 



Motor 
Assembly 

Powered 
spike wheel 



Print^head 



Transfer 
roller 



Reflector & 
paper guides 



Figure 5. Ink supply and paper path between duplexed imaging engines 

Figure 5 shows the workings of S-print. The straight paper path allows the paper to be fed 
at high speed past the printheads. The two imaging engines are mounted together in an 
adjustable assembly. The top imaging engine can pivot upwards to allow access to paper 
jams and to the lower imaging engine and infra-red drying lamps. 

The transfer roller caps the printheads whenever S-print is not printing. Whenever a page 
is to Ije printed, the solenoid is activated, and the roller pivots away from the printheads 
and contacts against the transfer roller from the other imaging engine providing traction 
onto the paper. 



The paper then passes the infra-red tubes which dry the ink before a set of spike wheels 
eject the printed page into the exit tray. 
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The ink cartridges snap fit onto the top molding. Ink is automatically fed via a sprung col- 
lared pin into a permanent ink reservoir. The reservoir serves to provide ah early warning 
to repleice the ink cartridge and makes the contact with the embedded QA cartridge chip. 
The provision of a large reservoir means that the ink cartridges typically only need to be 
replaced when all four colors are empty, rather than vAvsn the first color is empty. Each 
ink color reservoir connects via hoses to the printhead extrusion assemblies, ^^ch are 
daisy chained together via flexible hose connections (Figure 4). 

The main PGB, power supply and 14GB hard disk are shown in Figure 3..Access to these 
components is via the front and rear moldings. 




Figure 6. Front panel user interface 

Figure 6 shows the color LCD interface with four changeable function buttons for navigat- 
ing the user interface. The LCD displays a preview of the front page of the document to be 
printed. The keypad on the front molding allows the desired number of copies to be 
entered. Documents to be printed locally can also be selected by an ID number using the 
keypad. This can be quicker than scrolling through stored documents if there are many. 
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4.1 Imaging Engines 

S-print uses duplexed imaging engines (Figure 7) for simultaneous double-sided printing. 
During the pilot phase of manufacturing when the printhead defect density is still poten- 
tially high, each printhead is replicated to achieve 2: 1 nozzle redundancy. This allows fac- 
tory detected defective nozzles to be bypassed, and so maximises printhead yield. 



Faper 



Top moWing 



Frinthead 
assembly 



Co-extnided 
section with 



soft wiper Motor ' 



Cleaning 



Base 
molding . 



Pivoting 

metal 

eecXAon 



' Soleifioid 



Paper 
guides 



' Infra-red 
drying lamp 

Metal 
reflector 



Figure 7. Duplexed imaging engines and drying lamps 

Each imaging engine therefore contains two printhead assemblies (Figure 8) mounted 
side-by-side, sharing the same powered transfer roller and cleaning station. 



The four printhead assemblies in the two imaging engines share the same ink supply. 
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5 Ink Cartridge 

The black cartridge holds 1 liter (33.8 fluid ounces^), while the cyan, magenta and yellow 
cartridges each hold half a liter. The cartridges plug directly into the top of the printer and 
are comprised of two main moldings ultrasonically welded together with a Q A chip in the 
lower molding (Figure 9). . 

The upper molding houses a sprung ball-bearing that is held captive against the inner 
molding. This provides the main seal to the cartridge with a secondary hydrophobic elas- 
; tomeric seal to the entry port on the lower molding. 




Figure 9. Ink cartridge explosion 

The cartridge connects to the printheads via the printer ink reservoir. This has a hollow pin 
that emerges from a sprung sleeve when the cartridge is pushed on. The pin pushes the ball 
bearing back and allows ink to flow. Tortuous hydrophobic air channels are provided at 
the top of the unit under the label. The four ink cartridges are differently keyed by plastic 
protrusions to prevent any incorrect insertion or orientation of the units. 



I. 2. 1! US pints, 1 .76 British pints. or 0.0042 hogsheads. 
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6 Memjet-Based Printing 

A Memjet printhead produces 1600 dpi birlevel CMYK, On Jow-diffusion paper, each 
ejected drop forms an almost perfectly circular 22.5nm diameter dot. Dots are easily pro- 
duced in isolation, allowing dispersed-dot dithering to be exploited to its ftillest Since the 
Memjet printhead is the width of the page and operates with a constant paper velocity, the 
four color planes are printed in perfect registration, allowing ideal dot-on-dot printing. 
Since there is consequently no spatial interaction between color planes, the same dither 
matrix is used for each color plane. Dotron-dot printing minimizes 'muddying' of mid- 
tones caused by inter-color bleed. 

A page layout may contain a mixture of images, graphics and text Continuous-tone (con- 
tone) images and graphics are reproduced using a stochastic dispeised-dot dither. Unlike a 
clustered-dot (or amplitude-modulated) dither, a dispersed-dot (or frequency-modulated) 
dither reproduces high spatial frequencies (i.e. image detail) almost to the limits of the dot 
resolution, while simultaneously reproducing lower spatial frequencies to their full color 
depth, vdien spatially integrated by the eye. A stochastic dither matrix is carefully 
designed to be free of objectionable low-frequency patterns when tiled across the image. 
As such its size typically exceeds the minimum size required to support a particular num- 
ber of intensity levels (e.g. 1 6x 1 6x 8 bits for 257 intensity levels). S-print uses a dither vol- 
ume of size 64x64x3x8 bits. The volume provides an extra degree of freedom during the 
design of the dither by allowing a dot to change states multiple times through the intensity 
range (rather than just once as in a conventional dither matrix). 

Human contrast sensitivity peaks at a spatial frequency of about 3 cycles per degree of 
visual field and then falls off logarithmically, decreasing by a factor of 100 beyond about 
40 cycles per degree and becoming immeasurable beyond 60 cycles per degree. At a nor- 
mal viewing distance of 12 inches (about 300mm), this translates roughly to 200-300 
cycles per inch (cpi) on the printed page, or 400-600 samples per inch according to 
Nyquist's theorem. 

In practice, contone resolution above about 300 pjpi is of limited utility outside special 
applications such as medical imaging. Offset printing of magazines, for example, uses 
contone resolutions in the range 150 to 300 ppi. Higher resolutions contribute slightly to 
color error through the dither. 

Black text and graphics are reproduced directly using bi-level black dots, and are therefore 
not aiitialiased (i:e. low-pass filtered) before being printed. Text is therefore supersampled 
beyond the perceptual limits discussed above, to produce smoother edges when spatially 
integrated by the eye. Text resolution up to about 1200 dpi continues to contribute to per- 
ceived text sharpness (assuming low-diffusion paper, of course). 

Srprint uses a contone resolution of 320 ppi (i.e. 1600-^5), and a black text and graphics 
resolution of 1600 dpi. 
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7 Document Data Flow 

Document trahsmissiori and document rasterization* are decoupled to shield the user fiom 
interactions between the size and complexity of the document, and the memory capacity 
and RIP performance of S-print. This is achieved by storing each document's PDL file on 
the internal hard disk. 

Because of the high resolution of the Memjet printhead, each page must be printed at a 
constant speed to avoid creating visible artifacts. This means that the printing can't be var- 
ied to match the input data rate. Document rasterization and document printing are there- 
fore decoupled to ensure the printhead has a constant supply of data. A page is never 
printed until it is fully rasterized. This is achieved by storing a compressed version of each 
rasterized page image on the internal hard disk. 

This decoupling also allows the RIP to run ahead of the printer when rasterizing simple 
pages, buying time to rasterize rhore complex pages. 

TTie user indicates whether a document is to be stored permanently on the hard disk, 
printed, or both. So long as there is disk space available, the pages of transient documents . 
are also cached on the disk until printed. This is particularly efficient when multiple 
of complex documents are being printed. This so-called electronic collation also obviates 
the need for an external collating mechanism, since each copy of a document is printed in 
its entirety before the riext copy. 

Because contone color images are reproduced by stochastic dithering, but black text and 
line graphics are reproduced directly using black dots, the compressed page image format 
contains a separate foreground bi-level black layer and background contone color layer. 
The black layer is composited over the contone layer after the contone layer is dithered. 

Figure 10 shows the flow of a S-print document fix)m network to printed page. 




Figure 10. S-print document data flow 
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At 320 ppi, an A4/Letter page^ of contone CMYK data has a size of 38MB. Using lossy 
contone compression algorithms such as JPEG, contone images compress with a ratio up 
to 10:1 without noticeable loss of quality, giving a compressed page size of 3.8MB. 

At 1600 dpi, an A4/Letter page of bi-level data has a size of 30MB. Coherent data such as 
text compresses very well. Using lossless bi-level compression algorithms such as Group 
4 Facsimile, ten-point text compresses with a ratio of about 20:1, giving a compressed 
page size of 1.5MB. 

Once dithered, a page of CMYK contone image data consists of 120MB of bi-level data. 
Using lossless bi-level compression algorithms on this data is pointless precisely because 
the optimal dither is stochastic - i.e. since it introduces hard-to-compress disorder. 

The two-layer compressed page image format therefore exploits the relative strengths of 
lossy JPEG contone image compression and lossless bi-level text compression. The for- 
mat is compact enough to be storage-efficient, and simple enough to allow straightforward 
realtime expansion during printing. 

Since text and images normally don't overlap, the normal worst-case page image size is 
3.8MB (i.e. image-only), while the normal best-case page image size is 1.5MB (i.e. text- 
only). The absolute worst-case page image size is 5.3MB (i.e. text over image). Assuming 
a third of an average page contains images, the average page image size is 2.3MB. The 
standard 14GB internal hard disk therefore holds over 6000 such pages. 



1 , An A4/Letter page has a maximum area of 8.3"x 1 1 .T' (i.e. A4). 
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8 Printer Controller 
Architecture 

The S-print printer controller consists of a controlling processor, various peripheral con- 
trollers, a raster image processor (RIP) DSP farm, and duplexed page expansion proces- 
sors. These components are discrete and commimicate via a shared bus and a shared 
64MB memory, as illustrated in Figure 1 1 . 




Figure 11. Printer controller architecture 

The controlling processor handles communication with the network, controls the internal 
hard disk, controls the user interface (LCD, buttons and LEDs), controls the paper trans- 
port, handles ink cartridge authentication and ink monitoring, and feeds and synchronizes 
the RIP and the imaging engines. It consists of a medium-performance general-purpose 
microprocessor. Its associated peripheral controllers include a 10/lOOBase-T Ethemet 
controller, a SCSI disk controller, and a color TFT LCD controller. Optional controllers 
include an IEEE 1394 (Firewire) controller and a USB 2.0 controller for high-speed point- 
to-point communication with a workstation or server. 

The RIP DSP farm rasterizes and compresses page descriptions to S-print' s compressed 
page format. The DSP farm consists of between one and four general-purpose high-perfor- 
mance DSPs. Each additional DSP comes as a field-installable plug-in module. 

Each print engines expands, dithers and prints page images to its associated replicated 
printhead in real time (i.e. at 60 ppm). The duplexed print engines print both sides of the 
page simultaneously (i.e. at 120 ppm). 
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The printer controller's flash memory holds the software for both the processor and the 
DSPs. This is copied to main memory at boot time. The flash memory also holds the 
defect characterization vectors for the two replicated printheads. These are copied to the 
print engines at boot time. 

8.1 Detailed Document Data Flow 

Document printing proceeds as follows. 

The main processor receives the document's PDL file and stores it on the internal hard 
disk. It then runs the appropriate RIP software on the DSPs. 

The DSPs rasterize each page description and compress the rasterized page image. The 
main processor stores each compressed page image on the hard disk. The simplest way to 
load-balance multiple DSPs is to let each DSP rasterize a separate page. The DSPs can 
always be kept busy since an arbitrary number of rasterized pages can, in general, be 
stored on the internal hard disk: This strategy can lead to poor DSP utilization, however, 
when rasterizing short documents. 

The main processor passes back-to-back page images to the duplexed print engines. Each 
print engine stores the compressed page image into its local memory, and starts the page 
expansion and printing pipeline. Page expansion and printing is pipelined because it is 
impractical to store a 120MB bi-level CMYK image in memory. 

The first stage of the pipeline expands the JPEG-compressed contone CMYK layer. The 
second stage, in parallel with the first, expands the Group 4 Fax-compressed bi-level black 
layer. The third stage dithers the contone CMYK layer, and composites the bi-level black 
layer over the resulting bi-level CMYK layer. The fourth stage prints the bi-level CMYK 
data via the printhead interface which controls the Memjet printhead. 

The main processor streams compressed page images from the hard disk to the print 
engines at die required 120 ppm rate (i.e. 4.6MB/s on average, or 10.6MB/s worst-case). 



Table 3. Print engine page image and FIFO data flow 
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a. dither combines with composite, so there is no external data flow between them 

b. 320 ppt => 1600 dpi (5x5 expansion). 

c. Needs a window of 24 lines, but only iadvances 1 line. 

The print engine data flow is summarized in Table 3. The aggregate traffic to/fix)m mem- 
ory is 387MB/S, all but 5.3MB/s of v^ch relates to the FIFOs. 

Each stage communicates with the next via a FIFO. Each FIFO is organized into lines, and 
the minimum size (in lines) of each FIFO is designed to accommodate the output window 
(in lines) of the producer and the input window (in lines) of the consumer. The inter-stage 
memory FIFOs are described in Table 4. 



Table 4, Print engine local memory FIFOs 
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8.2 Print Engine ARCHITECTURE 

The print engine is implemented as a single custom chip. It shares a common design with 
print engines used in other Memjet printers. 




processor address, data and control bus 




I printhead i 

— — — — — J 



Figure 12. Shared-memory print engine architecture 
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There are two architectural variants of the print engine. The shared-memory version uses a 
local off-chip RDRAM to support the aggregate memory bandwidth required by page 
expansion and printing (see Figure 12). The pipelined vereion uses dedicated on-chio 
FIFOs (see Figure ), 



The shared-memory print engine consists of a general-purpose processor, a high-speed 
Rambus interface to the off-chip RDRAM, a small program ROM, a DMA controller, and 
an interface to the printer controller bus. 

Both print engine's page expansion and printing pipeline consists of a standard JPEG 
decoder, a standard Group 4 Fax decoder, a custom ditherer/compositor unit, and a custom 
interface to the Memjet printheads. These are described in detail in design documents. 

In the shared-memory version, the FIFOs are located in the dedicated off-chip RDRAM, 
and all inter-stage communication is controlled by the local processor via DMA. In the 
pipelined version, the FIFOs are on-K^hip, and the stages are self-synchronizing. 

In the shared-memory version, the decoders obtain page data fix)m the main processor via 
the local meinory. In the pipelined version, the decoders obtain page data directly ftom the 
main processor over the printer controller bus. 




replaceable 
printhead 



Figure 13. Pipelined print engine architecture 
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When several print engines are used in unison, such as in a duplexed configuration, they 
are synchronized via a shared line sync signal. Only one print engine, selected via the 
external master/slave pin, generates the line sync signal onto the shared line. 

8.3 Printhead Timing 

Each print engine prints an A4/Letter page in one second. Since S-print uses a 12" print- 
head to print the long dimension of the page (1 1 .7"), the printhead needs to traverse the 
short dimension of the page (8.5") in one second. At 1600 dpi, this equates to a 13.6KHz 
line rate. This is well within the operating frequency of the Memjet printhead, which in the 
current design exceeds 30KHZ. 

8.4 Printhead Characterization 

Each redundant 12" printhead contains two complete 12" printheads, i.e. 76,800 nozzle 
pairs, characterized and matched so that no paired nozzles are both defective. 

Printhead defects are either characterized and matched one segment at a time, or after the 
entire printhead has been built. In the former case nozzles are tested before integration 
with the ink path, and so are tested without ink. In the latter case nozzles are tested after 
integration withjhe ink path, and so are tested with ink. Segment-wise characterization 
gives a higher yield, but at a higher testing cost. It is therefore only preferable to print- 
head-wise characterization when defect densities are still high. 

A characterization vector indicates, via one bit per nozzle pair, which nozzle of the pair is 
to be used. A 12" printhead characterization vector requires 9600 bytes to represent. 

Once determined, the characterization vector associated with a redundant printhead is 
stored in the manufacturing database, indexed by the printhead's serial number, recorded 
as a barcode on its cartridge. When the printhead cartridge is finally inserted into a printer 
during manufacture, the characterization vector is retrieved using the barcode, and is writ- 
ten to the flash memory of the printer's embedded printer controller. 

If the printhead cartridge is replaced in the field, then a new characterization vector is 
downloaded remotely from the manufacturing database to fhc printer controller via its net- 
work interface, using the new printhead cartridge's barcode. 
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unrivalled performance, 
versatility and manageability. 

As the performance leaders in 
the HP LaserJet printer family, 
HP LaserJet 8100 Series printers 
incorporate the sophisticated 
technologies of HP LaserJet 
4000, 5000 and 8000 Series 
printers. HP LaserJet 8100 Series 



printers also include a host of 
new security, management and 
convenience features that 
ensure fast, great-looking 
output with an overall low 
total cost of ownership. 

Designed as part of a complete 
network printing solution, 
HP LaserJet 8100 Series printeis 
include HP Web JetAdmin 
peripheral management software, 
HP JetDirect 600N (EIO) Internal 
Print Servers and award-winning 
service and support with 
HP Customer Care. 



High-perfbrinance^ higb\rolume printed. 

• New32-ppm engine with 166-MHz RISC 
processor reduces waiting time for output 

• HP Transmit Once minimizes network traffic 
. • Dynamic RlP^-once . for faster processing of 

multipliB originai prints (mopiesji 

• 16 MB of standard memdry^lZ^^ 

HP LaserJet siopflN nibdeirrr^^Jit easy 

to print even large; complex doiurrients 

^ HP FastRes 1200fdr 1200-dpi^ua)ity'^ 

without the usual network cdrijaestioh 
ands;pee^ -'"'^'y:/-' 

• Designed to print up to;lM,p^ 
any busihess. ' ; ' 

• Nevy Job Retention. fe^t^^^^^ Private 
Printing, offer more, controj^o 

when confidential jobs are printed 

• Create additional copies of a print job 
directiy f rom your printe#control jpa nel 

• Frequentiy printed jobs, such as fax cover 
sheets, can be stored pn the optional disk 
drive and printed via tfie control panel 

• HP Web PrintSmart prpvidesjmproved 
Internet printing and management 

• HP Internet Installer and Oil Change for 

HP Customers give you automatic access to 
the latest printer drivers 
^ Rexible, customizable paper handling 
increases productivity while reducing trips 
to the printer 

• Technologies, software and operations com- 
mon to HP LaserJet 4000, 5000 and 8000 
Series printers 

Low total cost oF ownership. 

• HP LaserJet C4182X UltraPrecise maximum- 
capacity toner cartridge produces 20,000 
pages (based on 5% average coverage) 

• Cost-per-page of less than one cent 

• HP TonerGauge monitors toner usage to 
take the guesswork out of ordering 
printing supplies 

• HP Web JetAdmin peripheral management 
software makes it easy for networtc adminis- 
trators to install, configure and manage net- 
wortc printers right from their desktops 

• Backed by.HP Customer Care for full-service 
support including troubleshooting tools and 
phone support 
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Color LaserJet 8500 Series 



. Printers 




How departmental color printing is done. 



K your company needs a color 
printing solution but you haven't 
yet found a networked color 
laser up to your standards, you'll 
love the new HP Color LaserJet 
8500 Series printers. 

These printers are ideal for all 
your departmental color printing 
needs from marketing to CAD, 
creative and finance. They 
quickly and economically print 
up to 12- by 18.5-inch output on 
both sides of the page, and can 
print on a wide variety of media 
including glossy and card stock. 
This makes them ideal for mar- 
keting proposals, slide 
presentations, brochures and 
more. Best of all, they're easy to 
support and maintain. 



Network departmental color 
laser printers. 

Get high-quaUty output, fast . 

• 6-page-per-miriute Ippm) rated engine speed , 
for full-color 8.5 by 11 arid A4 documents 

• -24-ppm rated engine speed for black and 
white 8.5 by 11 and A4 documents/. . 

• Supports paper sizes up to 12 by 18.5 inches 

• edO-dpi resolution with HP Image Resolution 
Enhancement technology (HP ImageREt 2400) 

• Automatic color matching with sRGB and 
HP ColorSmart II 

• Supports 16-:to 58-pound bond.paper weights 

• Input capacVo^uP to W*Wpa??sthrou 
four different input sources (ON model) 

• Automatic Color Calibration adjusts tiie 
density of each color to.give you a greater 
degree of color consistency from print 

to print 

• Fast multiple prints witii dynamic RIP-once 
technology from a Zr-GB hard drive 



HP Color LaserJet 8500 Series 
printers join HP Ctolor LaserJet 
4500 Series printers in providing 
you with a family of choices for 
all your color printing needs. 
All offer HP's industry-leading 
network printing solution that 
includes HP Web JetAdmin 
printer management software 
and HP JetDirect 600N (EIO) 
Internal Print Servers. And they 
come with benefits you simply 
can't get anywhere else, like 
award-wirming service and 
support from HP Customer Care, 
and HP's unparalleled reputation 
for quality, reliability 
and compatibility. 



Easy to support and manage. 

• Easy remote installation, configuration and 
management witii HP Web JetAdmin 

• Optimized for Mici-osoft* Windows NT* and 
NT Client environments 

• Unique technologies reduce network traffic 

• Less frequent supply restocking with high- 
capacity color consumables 

• Backed by HP Customer Care 

Indusmf4eading cost of ownership. 

• HP Web JetAdmin saves you time when 
dealing witii printers and increases end-user 
productivity 

• Low cost per page 

• Optional auto-duplex unit lets you print on 
botfi sides of a page automatically 

• Productivity savings witfi 

No-hassle color solutions 

Low consumable intervention rate 

Award-winning reliability and support 

flexible paper handling reduces 

user intervention 

High-capacity consumables 

• Low energy consumption 




Color LaserJet 4500 Seri 



es 




How workgroup color laser 
printing is done. 



HP Color LaserJet 4500 Series 
printers deliver exceptional color 
print quality right out of the box, 
in addition to offering the same 
overall reliability that you Ve 
come to expect from your 
HP monochrome printers. 

These printers are ideal for all 
your workgroup color laser 
printing needs from creating 
sales-winning marketing presen- 
tations to producing polished, 
easy-to-read financial statements 
to printing in-house training 
materials. Whatever your color 
printing needs may be, HP Color 
LaserJet 4500 Series printers can 
handle them, without requiring a 
lot of support or maintenance. 
They quickly and economically 
print up to 8.5- by 14-inch color 
output on both sides of the page 
with the automatic duplex unit, 
and can print on a wide variety 
of media such as glossy 
paper, transparencies. labels 
and envelopes. 



What's more, they are the only 
color printers that are 
HP JetSend-enabled. meaning 
they can receive compressed 
electronic docimients directly 
from devices such as the 
HP 9100C Digital Sender and 
print them in full, robust color, 
allowing new dociunent creation. 

HP Color LaserJet 4500 Series 
printers join HP Color LaserJet 
8500 Series printers in providing 
you with a family of choices for 
all your color printing needs. 
All offer a superior network 
printing solution that includes 
industry-leading HP Web 
JetAdmin printer management 
software and HP JetDirect 600N 
(EIO) Internal Print Servers. 
And they come with benefits 
you simply can't get anywhere 
else, like award-winning service 
and support with HP Customer 
Care, and HP s unparalleled 
reputation for quality, reliability 
and compatibility. 
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Network color laser printers 
for workgroups. 

Great4ooking proPessi'onal color 
documents. Faster. 

• 4-pages.per-minute (ppm) for full color 

• 16-ppmforblackand,white 

• 600-dpr engine with HP Image Resolution 
Enhancement technology (HP ImageREt 
2400) 

• HP ColorSmart II automatically provides 
optimal color setUngs 

• Industry standard sRGB color management 

• Automatic color calibration ensures consis- 
tent high-quality color over the life of the 
printer, in varying environmental conditions 
and between printers 

Easy connectivity and manageabiUly. 

• HP Web JetAdmin network printer 
management software makes it easy to 
install, configure, manage and troubleshcot 
network printers right from your desktop 

• HP JetDirect 600N (EIO) Internal Print 
Servers provide a simple, reliable connec- 
tion to all major networic operating systems 
and network types 

• New expanded Control Panel messages 
identify potential issues and recommend 
solutions 

• Toner cartridges install quickly with no mess 
and no mistakes 

Low cost of ownership. 

• Leading cost per page 

• Competitive purchase price 

• HP Web JetAdmin saves network 
administrator time while Increasing end- 
user productivity 

' Lower overall maintenance costs 

• Low energy consumption 

• Backed by HP Customer Care 



